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S INCE Iho iiine ni' liohi'Hloj's tihissii-.-il (If.scriplioti (tf atifriiiii 

toris in the (Mfrlitcciilli ccnltjry. jind (li)n!>t!i'ss for <M*iit\iri(‘s hi'loro, 
the uiicci'lainty oi' liio ])vo|j:nosis luis rtmiiiiin'il out* ol the (Mitslandinj; 
featuro.s ol! this condition. The frcfinenl nssocintion (d‘ luifrina ]) 0 c. 
toris with sudden dejitli Inis nnidi' the two nlinost .synonymous in the 
mijul.s of many ])atient,s who feel that an early (>nd is inevitahle; too 
often .such a <rlooiny outlook has been .shared also by the physician in 
charge, who, perhaps with a fatalistic point of view, makes no attemjd 
to determine the jiatient 's cbance.s for .survival for any length of time, 
a.s for in.slanee five years or more. But, even tliongh it is recognized 
lliat patients may live for man.v years after the onset of .symptoms, 
an intelligent prognosis in the individual viisc still remains one of 
ttie most difficult ))roblems in medicine. A'e have been very imieli 
interested in trying to find out if liiere are a7iy heliiful clues in tliis 
difficult task; as a result of onr study we are confident tlial there are 
such clues even thongli there is a great deal .still to learn, 'j'lie ti-e- 
meudous importance of llie snb.ieci is indicated by tu-o facts; tirsl. 
augiueV pecto! i.s is one ol tin* most eommon .sei’ioiis medical com plaint. s' 
today and apparently is iiecoming steadily more eommon; and second, 
it is particularly likely to attack people in important professional, 
administrative, and business positions who need to know something 
at least of their clianees for life and work' in the future. 

In the pres<‘ut investigation we have studied a group of nOO eou- 
•secutive ea.sos of angina pectoris and 200 eousecidive easo.s of eoro- 
iiary thrombosis seen in in-ivnte practice during the past ten vears in 
c^to determine what the expectation of life in the two eondilious 

‘Roa.l before the An,orlc..,„ Tionrl nt PhUnUembln. P,,.. .June •!. inni 
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may bi*. and favorable and unfavorable factors Ibe presence of whieli 
may be of good or of ill omen for the patient. A preliminary report 
of tbe fir.st. 200 cases of angina ]H*etoris and of (52 eases of coronary 
thrombosis was published live years ago.' The iiresent paper includes 
a follow-up report of these cases and is in the nature of an interme- 
diate study of the problem. After another five years or more we shall 
publish a more or Ic.ss final report of these groujis of ])atients. 

nnoGxosis ix Tin: uhkskxt skiuks of fivk iii'xnitKD tasks of 

AXGIXA FECTOIUS 

All patients included in this series had ])aroxysmal oppression in 
the front of the chest, generally substernal, often radiating to the 
left arm or both arms, rarely to the right ann alone, brought on 
juirticularly by exercise, especially after eating, in cold weather, or 
when hurried, and relieved within a few minutes by rest or by ni- 
trites. [Many of the patients Avere nervous, but no attempt was made 
to separate; “primary’' from ‘‘.secondary’’ angina i)ectoi'is; such a 
separation avc believe is unwise, but as in the previous study, other 
varieties of chest or heart, pain were carefully excluded from the 
present series of real angina pectoris, 

Taiii.k I 

Piuxixo.'-is or .-Anoina Pkctouis an’d or (touoxAuv Tiiko.mhosis 

]. Aiiiiiud pertnrix — ."0(1 c.Mse.s (iiicfuilinj; folIi>\v-ui> of 200 fiisos ])rpvioii,‘;Iv rf'iiortpd) 
2K! c.'ist'.s known to lio doju'i — .nvenifto dunition of life after tlii‘ 

onset of ;infrinji jtectori.s = -t.-l ye.'irs 

27.''. e.'ise.s known to tic livinj: — nveranc ilnratinn of tlie anpin.'i 

jieetoris = o.l year.s' 

■ISO easc.s — .'iver.'ifje = -t.!* years 

It eases not traced 

'I’liree ji.atient.s laid anj;ina pectoris for over 20 years — two dead, one still alive 
over 21 years after onset of this- troulde. 

2. ('ororiiirif tliroiitfinsi.i (acute) — 20ti case.s (inclndiiif; follow-up of (!2 ca.ses inevi- 
misly reported) 

101 cases known to lie dead — averai;e duration of life after 

tlie ,'icnte cardiac infarction = l.-l ycar,« 

(ran^;e =: a few lionr.s to 11 ye.ar.s) 

0! known to lie alive — .averace duration since .•u-ute 

cardiac inf.arction = years 

(tnaxiinuin =r 17 ycar.«> 

I'.i.l cases — average " .'"ears 

c.-iKcs not traced. 

Of till- the hundred |»itiicnts witli ;nigiuii jtectoris npun wlmm this 
study liiis been niiide. recent reports were nbt. 'lined upon till cxeept 
fourteen v.‘hose present sttitus reiimins undetermined. Two hundred 
nnd thirteen i21d) patients are deml, while two hundred jind seventy- 
tiirei- f27d) .are hnown to be alive. f)f the 2115 patients Icnown to be 
de.id. !* lived le-s than two months. In the remainintr irrouft tA 
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patients tie average duration Irom the onset of 

to death u-as 4.6 years. The average duration of life ” 

OTOUP of 213 eases known to be dead was 4.4 yeais. T 
Lration of the angina pectoris to date in the 273 living patate K 
5 1 years, ivliicli gives an average duration of 4.9 years foi the en- 
tire series of living and dead patients. In onv series three patients 
have had angina pectoris for twenty or more years; two of these pa- 
tients are dead, both having had attacks of angina pectoris or 
twenty years ; the remaining patient is living and fairly well in spite 
of the fact that he has had angina pectoris for tiventy-one years. 
Mackenzie found the average duration of life after the onset of an- 
gina pectoris to be 5.4 years in 213 patients whom he was able to 
follow from the onset of symptoms to death." It seems probable that 
upon completion of onr series the average duration of life will exceed 
that reported by Mackenzie and it may surpass six years. 

Although the conclusions arrived at from an analysis of a large 
series of cases of angina pectoris cannot be applied m foto to the 
individual ease, it is instructive to determine the occurrence of various 
factors which may influence favorably or unfavorably the course of 
the disease. In Table II we have presented data, concerning the sex, 
age at onset, history or presence of hypertension or syphilis, evidence 
of arteriosclerosis, occurrence of coronary thrombosis clinically diag- 
nosahle, ejilargemeut of the heart, character of the heart sounds, con- 
gestive failure, radiation of the pain to the left, right, or both arms, 
the severity of the pain, presence or absence of heart-block, either 
anricnloventricnlar or intraventricular, the T-wave of the electro- 
cardiogram (in Leads I and II), the degree of nervous sensibility, 
and the nninher of cases that showed a normal heart upon physical 
and eleetroeardiographie examination. In order to give the relative 
frequency of the factors mentioned above, we have arranged the 
cases in three groupings; (1) the total series, (2) 100 patients who 
died within three years after the onset of angina pectoris, and (3) 
100 patients who lived more than seven years after the onset. 

It has been possible to determine with a fair degTee of accuracy 
the manner or cause of death in a considerable number of the series 
Of the 213 patients who died, 62 died suddenly, certainly in a large 
majority of cases from angina pectoris itself; in 38 other cases death 
was attributed definitely to coronary thrombosis ; 45 more cases sue- 
cnmhed to congestive failure; while in 31 others death was said to 
e of cardiac origin but the details were insufSeient to make a definite 
diagnosis possible Thus it seems evident that in the majority 
of the poup tpath eonld be attributed directly to failure of the 

Slerier’ “Z™ per cent) of the 213 of the com- 

peted senes. Of the remaining patients ivlio died various eondi 

tions were responsible, ineinding carcinoma, pneumonil hemipTegt; 
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»„a portoperath'e eomplie»tio„s. Tl.e avevago age at 
-rmip was 02.2 vcars, being slightly lower for the males (01.0 iCtt ) 
than for the females (64.7 years). Greater opportunity tor rest in 
the case of women may account for this tlilf ercnce. 

It has long been recognized that even in tlie presence o .se^ c e 
ano'ina pectoris no abnormalities may be detectable by any metbo 1 
of examination. Of the group of 393 ivbo bad had eleetrocardio- 
o-rams 74 patients (19 per cent) showed normal hearts on physical 
Lamination (in size, sounds, rate and rhythm), normal blood pres- 
sure, and normal electrocardiograms. Prom Table JI it will be seen 
that only 9 of these patients, or 12 per cent,' had died in less than 
three years ; wliile 28, or 37 per cent, had lived seven or^ more years 
since the onset of tlieir .symptoms, so that normal findings by the 
above methods of examination appear to be definitely favorable. 

Pifty-eight patients of the 393 Avbo were eleetroeardiographed 
sliowed an inversion of the T-wave in Leads I or 1.1 of the “coronary 
type,” and from Table II it is seen that this occurred in 17 patients 
who lived less than three years after the onset of symptoims of angina 
pectoris, and in 10 who lived more than seven years; so that, althougli 
considered as evidence of coronary disease and usually of rather, seri- 
ous import, patients may live for a considerable number of years even 
in the jiveseneo of this definitely abnormal clcctrocardiogra])hic finding. 

Coronary thrombosis is a frecpient complication of angina pectoris 
and it has been only during the last ten years that a clinical dill'eren- 
tiation between the two conditions lias been appreciated by the medi- 
cal profession at large. Slackenzie included eigliteen such cases in 
his series of 160 cases of so-called angina ])ectoris, nine of which Avere 
confirmed by post-mortem examination. Coronary thrombosis oc- 
curred in 130 of our total series of 500 cases (about 25 per cent). In 
this group of 130 patients, it ocenrred at the onset of the angina pec- 
toris ill 40 instances (30 per cent), and Avas a recognized terminal 
event in 33 patients (25 per cent). Two attacks of coronary throm- 
bosis ocenrred in eleven of the patients. Of tlie 130 patients, 95 are 
dead (73 per cent) and the average duration of life of those followed 
from the onset of angina pectoris to death was 4.6 vears (the same ns 
for the group of 213 patients folloAAmd from the on.sot of anonua 
pectoris to death). Of the 35 patients still alive after the complica- 
..OU ot covouary tta.ombo.sis, 22 per cent Imve angina poctoris only on 
imnsual exertion, 53 per cent i.ave .attacks precipitated by moderate 
exeition and tbeir activities are considerably limited because oj aiie-ina 

pectoris Willie the remaining 25 per cent have attacks even wlicn nniot 
and are in a poor condition. 

Hypertension Avas considered to be T)resiM)t in iB 

had, or Avho had had in the past a systolic h J 

past, a systolic blood pressure of 160 mm 

a diastolic pre.ssurc of 110 mm. or more. Tlierc 


of mercury or more, 
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•vrere 182 of tlie total series of 500 who pi-esented this Imdiiig, an 
ineidence of 36 per cent. Seventy-five of the 182 patients who had 
hypertension are dead, the average duration of life after the onset of 
angina pectoris being 4 yeai’s, while the total average duration of life 
including the 107 h\-pertensive patients still liring is 4.5 years. From 
Table II it is seen that hypertension was present more frequently in 
the group who suceiuiihed within three years than in the group which 
survived seven years. It seems that although hypertension may not 
be of serious import, its presence apparently has a slightly tuifavor- 
ahle influence on the duration of life after the onset of angina pectoris. 
Our flgures do not support a prevalent idea that the presence of hyper- 
tension with angina pectoris is a favorable combination. 

Gallop rhythm was noted in 29 patients of whom 18 are dead; the 
average duration of life following the onset of angina pectoris in this 
latter group was only three years. 

Angina pectoris decubitus is usually a sign of considerable gi'avity 
and 23 of the patients who had angina pectoris of this severity died 
within three years, although 16 patients lived more than seyen years ; 
thus it is possible but somewhat unusual to survive angina decubitus 
for many years. 

A few further observations of some interest in this series of angina 
pectoris are to follow. From the etiological point of view, syphilis 
was present with certainty in only 22 patients, an incidence of 5.5 per 
cent. A history of rheumatic fever was given by 37 patients, but it 
apparently did not affect the progno.sis. Evidence of arteriosclerosis 
by physical or by roentgen-ray examination was a frequent finding 
in this series. occuiT-ing in considerably more than half of the patients. 
The patients were divided into three groups on the basis of the quality 
of the heart sounds; they were considered good in 52 per cent of the 
cases with an average duration of life of 5.2 years for this group, 
fair in 32.7 per cent with an average dimation of life of 4.5 years, and 
poor in 15.3 per cent, the dui'ation of life after the onset of angina 
pectoris being 4 years. Valvular disease was found in 47 of the pa- 
tients but apparently did not affect the prognosis, except in those 
patients who had aortic regurgitation of luetic origin, of whom there 
were 11 cases; eight of these 11 patients are dead with an average 
duration of life of 2.6 years, and three are living, the duration of life 
to date being 2.7 years. Alternation of the pulse was present in 15 
patients, of whom 13 are dead. 

The relation of angina pectoris to auricular fibrillation is of interest, 
since it is recognized that the two are rarely present at the same time. 
Of the total series, this arrhythmia was found in 19 cases. In 11 it 
occurred in paroxysmal form, and was a terminal event in 4 other 
eases. In 4 patients both angina pectoris and constant auricular 
fibrillation were present. Two patients had angina pectoris at the 
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kilmc iit inturviils and contiinus lo Inivo angina liinMwas on ,aci- 

tion, blit remains in i’air condition. _ 

T)io .severity and radiation ol! the pain lor the ^i-oit]) <ii(.^ ■ < 

Tabic II Of some interest is the somewhat inimpient radiation loniul 
in 8 patients in whom the pain was referred from tlie snbsternal re- 
gion to the epigastrium. In one patient the pain Avns jir.si ielt in le 
left arm and was later referred to the left cliest, while in annthei 
patient a typical attack of angina iiectoris on exertion began with a 
feeling of nnmbne.ss and pain in hotii hands and lower anus tollowe.d 
shortly by radiation to the chest and upper siibsternal region. In 20 
patients the pain was referred entirely to the right arm, and when 
present in the right arm the pain ap]>ears to he of more serioii.s im- 
port than when entirely left-sided. 

Attention has already been directed to one particularly thvorabh^ 
prognostic sign and that is the absence of all evidenci* o) heart disease 
by physical examination, electrocardiography, and roimtgen .study. 
The second important favorable jirognostic feature is the degree of 
care taken of the health. There is no doubt in the least that jirojicr 
attention to the ostahli.shment of excellent hahit.s of rest and exercise, 
diet, and weather, and avoidance of .strain of all kinds ])rolong.s life, 
sometimes for years. Exceptions alway.s exist, but given a relatively 
young individual, that is under no years, who .shows no physical evi- 
dence of heart disease and who can and will take proper care of him- 
self or herself the prognosis may he considered as probably good for 
years to come in the absence of angina decubitus. 

I'llOOXO.SIS OF COUOXAKY TlIUO.MUOSlS 

Although it has been only during llie jiast. decade that, the. clinical 
picture of coiouarr thrombosis ba.s liceome laiuiliar to physicians at, 
large, the conrbination of a earelul history, physical examination, and 
electrocardiogram often reveals evidence that srreh air event; lias oc- 
cru-red rn the past, and it has come to be recognized as a common 
clinical condition. Not infrocmently a patient, consulting a physician 
becau.se of cardiOYaseular symptom.s, dales the beginning of liisillne.ss 
to an acute episode montb.s or even years before, wliieh is readih- 
lecopiized to have been a coronary occlusion, hrucli has been writteli 

without Uiliiu, the patiout Tl.o -poo,:,':" Sf J,'™: 



8 


THE AHERICAX HEART JOURNAL 


and distress, substernal and epigastric, tlie failure of nitrites to re- 
lieve the itain, the need of large doses of morphine, the prostration 
for hours or days, and the symptoms and signs of infarction — fever, 
leueocytosis and sometimes pericarditis and congestive failure — ^the 
freciueut history of angina pectoris, and the character of the heart 
sounds and the electrocardiogram, all help in establishing the diag- 
nosis, but it is not essential to find all of these in a given case. To 
make a correct diagnosis in the absence of pain is more difficult; how- 
ever, occasionally an acute onset of severe dy.spnea (pulmonary edema), 
congestive failure, or of cardiac arrhythmia, supported by electro- 
cardiographic evidence, may be sufficient to warrant a diagnosis of 
a painless coronaiy thrombosis. We have recently seen a ease of this 
type at the IMassaehusetts General Hospital in which the correct diag- 
no.sis was made before death and confirmed several weeks later at 
post-moi*tem examination. 

There was no clinical doubt of the diagnosis of coronary thrombosis 
in the two hundred patients of tlie present series. Two types of pa- 
tients Avith coronary occlusion are not included in the present study; 
namely, (1) those cases in which tlie occlusion was so sudden that 
death occurred at once, and (2) those cases in Avhich the occlusion 
occurred so sloivly — by arteriosclerotic narrowing of the A'essel, even- 
tually Avith thrombosis — that no .symptoms or signs ever dcA'eloped ex- 
cept. perliaps, eventual conge.stiA'e failure. The tAvo groups more or 
less offset each other prognostically. But Avhen the clinical diagnosis 
of cardiac infarction is possible, it is of great interest and of consider- 
able importance to knoAV Avhat the chances of life may be. It is per- 
haps not adequately appreciated that acute myocardial infarction 
may be. and not infrequently is. compatible Avith many years of useful 
and actiA'C life, but Avith a life that should be liA'ed at a somcAvhat 
loAver leA'el. In this connection a case of unusual interest is included 
in our series; a man of neiwous temperament Avho had ahvays been a 
strenuous Avorker had a classical attack of coronary thrombosis at 
the age of 63 yeai-s, Avhich attack Avas followed by rest in bed and a 
prolonged eoiiA'alesceuce of seA'eral months. Taao years later he passed 
a life insurance examination easily, and nine years later (aged 72) 
he climbed Mt. Hoosilauke in Xcav Hamp.shire nine times in the course 
of a year without difficulty. At the present time he is liA'ing at the 
age of 79 years and leads a fairly actHe life for a man of his age, 
Avalking five miles a day, but he has occasional SAibsternal oppression 
on itudue exertion AA'hen he forgets himself. 

Conner and Holt® haA’e recently published an interesting study of 
the records of 287 cases of coronary thrombosis. They liaAm sum- 
marized their findings as folloAA’S: “Approximately 85 per cent of these 
eases Avere found in men and 15 per cent in Avomen. 
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“An analysis of the age iuciclenee at the time of the first attack 
discloses the fact that in one-third of all the cases the first attack 
occurred before the fifty-first year, and in three-fourths of the cases 
before the sixty-first year. It seems evident therefore that coionai:\ 
thrombosis must be regarded as essentially a disease ot early middle 
life rather than of elderly life as it is usually held to be. 

“Evidence of an antecedent arterial hj’pertensioii ivas found in 34 
per cent of the eases, of syphilis in 14 per cent, and of diabetes in 10 

per cent. 

“Of the 287 patients studied 117 are knoivn to be living and 142 


to have died. 

“The imniediate mortality in the first attack ivas 16.2 per cent. 

“Of 117 patients ivho recovered satisfactorily from the first attack, 
75 per cent were in g’ood health at the end of one year; 56 per cent 
at the end of two years ; 21 per cent at five years, and 3.4 per cent at 
ten years. One patient remained in good health for seventeen years 
and died in a second attack eighteen years after the first. 

“In 62 per cent of the patients the first attack supervened, without 
antecedent circulatory symptoms, in persons who had no reason to 
doubt the integrity of the heart. 

“A single attack only of thrombosis is recorded in 67 per cent of 
all the patients; two attacks occurred in 24 per cent; tliree attacks in 
4 per cent; and from four to seven attacks in 5 per cent. 

“Of the patients having but a single attack, one-half are living and 
one-third are in good health. 

“Among the patients having two or more attacks the time interval 
between the first and the second attack was less than one year in half 
the eases and in the other half varied from one to eighteen years. 

“Signs of arterial embolism appeared 49 times among 42 patients. 
Twenty-eight of tlie embolic attacks involved the systemic arteries and 
21 the pulmonary artery. 

Although the immediate mortality in attacks of coronary thrombo- 
sis is higher when the initial symptoms are severe than when they are 
mild, yet almost one-third of the patients wlio recovered from tlie ati 
tack had symptoms of very severe character.” 


Levine^ has published a review Of 145 cases in the course of a o^en- 
eral survey of coronary thrombosis. As to prognosis he writes • 
“There are few diseases in which the prognosis in any individual 
case IS more difficult to predict than in coronary thrombosis 
“A patient may seem to have had a mild attack and, be progressino' 
St satisfactorily, having no complaints and showing nothin n- re” 
markable on examination, and then die suddenly on the fifth to 
: eventh after the attack. The reverse is true, „a.„elv hat“ t r 

■a: very v.olent attach with series complication, ’recovery eal tSe 
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place. For this reason tlie prognosis in all cases mnst be guarded 
until a few weeks have elapsed, and contrariwise, hope should be held 
out and every effort in tJie way of treatment should he carried out in 
the face of apparently desperate circumstances 

“The factor of age is of some importance in the prognosis as far as 
immediate recovery is concerned. Tlie average age of those who re- 
covered was 54.7 years, of tliose avIio died 61.0 years, and of the entire 
group 57.8 years. This would indicate that the younger are a little 
more apt to recover. It is also true that having recovered from the 
attack, the jmnnger are more apt to continue in good health for a 
longer time 

“The criteria for prognosis in individual eases were found to be 
most unsatisfactory. In general about 50 per cent have an immediate 
recovery. No single feature seemed to be reliable as indicative of a 
good or poor prognosis. Apparently mild cases occasionally died and 
veiy severe ones recovered. Slight differences in the mortality were 
found when certain factors Avere analj^zed such as age, sex, the de- 
velopment of pericarditis, and auricular fibrillation. Ventricular 
tachycardia and heart-block seemed to have a greater mortality than 
the avex'age. Even the type of change in the electrocardiogram had 
no influence on xAdiether the patient Avould recover or not.” 

PRESENT SERIES OF TWO HUNDRED CASES OP CORONARY THROMBOSIS 

The present series of two hundred eases includes 125 patients with 
angina pectoris who had coronary thrombosis also, and in addition 
there Avere 75 more patients AA'ho did not have angina pectoris. The 
cases have been tabidated, like the eases of angina pectoids, in three 
groups; (1) total series; (2) thirty-three avIio, although suiwiving the 
acute attack by at least one month, died in less than one year after 
the attack of coronary thrombosis, and (3) thirty-three AAdio have 
siuwived bj^ four years or more the acute attack. 

Of the total series of 200 patients (Table I), fiA^e haA’^e not been 
heard from recently, and since three of these Avere in a poor condition 
Avhen last heard from several years ago, it is probable that these pa- 
tients are dead. One hundred and one patients (50.5 per cent) are 
knCAAm to be dead, of Avhom all died cardiac deaths except six, and of 
these six patients the cause of death could not be determined Avith 
any degree of certainty in four, one died of carcinoma, and the re- 
maining patient committed suicide. Prom this data it Avill be seen 
that even though the patient suiwiA'-es the first attack of coronaiy 
thrombosis for mouths or years, he almost iiiAmriably sncenmbs cA’-en- 
tually to cardiac failure, either congestiA^e heart failure, angina pec- 
toris, or a subsequent coronary occlusion. It is of interest to com- 
pare these findings AAdth those in the series of patients Avith angina 
pectoris in AA’^hich 82 per cent of the completed series of 213 patients 
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died cardiac deaths. More than one attack ot coronar.v * 
not tmnsnal. Twenty patients ot this senes survived wo attaeU 
, ei"-ht patients survived tlirec, and auoti.er patient had three defti itc 
attacks in the course ot several years, but finally snecun.bed to the 

fonrtli. 

The average duration of life after the first attack of coronary 
thrombosis for the 101 patients avIio died was 1.5 year.s— ranging from 
a few hours to eleven years. If we exclude tlie 21 patients who did 
not survive the acute attack by one month, the average duration^ of 
life of the remaining 80 patients Avas 1.9 years. The average dxu-ation 
of life after the attack of coronary thrombosis in the 94 patients 
knoAvn to be still alive is 3.2 years, giving an average of 2.4 years for 
the entire, but uncompleted, series of 200 cases. Tiiis figure will be 
lengthened considerably upon completion of the scries when a final 
report Avill be made. The longest dxiration of life following an at- 
tack of coronary thrombosis in our series has been 17 years and oc- 
curred in a minister who has had two subsequent attacks but at the 
present time remains in relatively good health at 64 year.s of age with, 
however, occasionallj’ substernal oppression on exertion. It has been 
pointed out befoi-e that many of the patients Avho had the combina- 
tion of angina pectoris and coronary thrombosis were included in both 
series. In the preceding study of angina pectoris the complication of 
eoronarj'’ thrombosis was found not to have affected appreciably the 
prognosis. From Table III it is seen that angina pectoris complicated 
coronary thrombosis an equal number of times (23) in the group 
which succumbed within one year and in the grou]-) which sui'vived 
four years. 

Hypertension was considered present, as in the angina pectoris 
series, in those patients Avho had at the time of examination, or Avho 
gave a liistoiy of having had in the past, a blood ]u-e.ssui-e of 160 or 
more mm. of mercury systolic or of 110 or more mm. diastolic. There 
Avere fifty patients Avho presented this finding, and of this group thirty 
are dead AAdth an average duration of life following coronary throm- 
bosis of 2.4 years, AAdule the remaining tAventy Avho are still alive have 
had an average duration of life to date of 2.4 years also, Avhich hap- 
pens to be the same as that of the entire series of 200 cases It is 
seen in Table III that hypertension aa^s noted only sliglvtlv UAOve fre- 
quently m those Avho died within one year than in those wiio survived 
four years. From the data presented it seems that the presence of 

hypertension m tins gmip of fifty patients has not afl’eetod the nlti 
mate prognosis. im, lux.i- 

nnmher who snrvivec, fonr ,ea^rs. ’is in“i::t: oT thl 
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Tabm III 


Data of Two Hundred Cases of Cokoxarv Thrombosis 


TOTAL 

(200 PATIENTS) 

DEAD AFTER 

1 MONTH and 
■WITHIN 1 YE.\R 
(33 PATIENT.S) 

LIVED OVER 

4 YEARS 
(33 PATIENTS) 

Sex: 

Male 

167 (83.P 

per cent) 27 

23 

Penialo 

33 (16.0 

per cent) 6 

10 

Age at Onset: 

Average 

56.7 

58 

55 

Limits 

Angina Pectoris: 

26-80 

37-75 

39-71 

Total 

125 

23 

23 

Interval between onset and 
coronary thrombosis 

0-1 year* 

73 

10 

15 

1-2 years 

0 

0 

0 

2-0 years 

29 

9 

5 

ISIore than 5 years 

14 

4 

3 

Hypertension (160/110) 

50 

9 

7 

Syphilis : 

Positive 

7 

I 

0 

Questionable 

1 

1 

0 

Negative 

192 

31 

15 

Cardiac Enlargement: 

Positive 

148 

26 

17 

Negative 

52 

7 

16 

Congestive Pailure ; 

Positive 

67 

IS 

5 

Negative 

133 

15 

28 

Character of heart sounds: 

Good 

71 

5 

11 

Fair 

69 

11 

11 

Poor 

Pericarditis diagnosed clinieall, 

70 

y 

17 

11 

at time of attach: 

Positive 

20 

7 

0 

Negative 

147 

20 

20 

Questionable 

33 

6 

13 

Paroxysmal fibrillation at time 
of attack : 

Positive 

13 

4 

5 

Negative 

176 

28 

28 

Questionable 

11 

1 

0 

Prolonged fever at time of 

attack 

85 

13 

11 

Electrocardiogram : 

Auriculoventricular block 

Positive 

11 

3 

1 

Negative 

110 

12 

26 

Intraventricular block 

Positive 

31 

3 

11 

Negative 

96 

12 

16 


Abnormal T-waves 
(Lead I or II) 


Condition at last report 


Good 

68 

0 

20 

Fair 

17 

0 

4 

Poor 

14 

0 

2 

Dead 

101 

33 

7 


*Incli:tled in this group are twenty-five patients whose angina pectoris began at 
the same time as the coronary thrombosis and five patients who had angina pectoris 
at varying intervals after the corcnary thrombosis. 
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ton» sevic., .Milulfe was raroly failma. was 

in sixty-soven patients and appears to add consulerably to the {riaMt> 
of the pro-i-nosis. Forty-six of the patients witli tins findin<r are dead 
and twontv-one are livin-; it occurred more than tliree times as oHen 
in the group that lived less than a year than in those who survived 

four years. 

A eonsiderahle numher of tliis .series were not seen hy the authors 
at the time of the acute attack, so that tlie relative numher of those 
listed as having a pericardial friction ruh at that time is undonhtedly 
much less than their actual occurrence. Ih-ricarditis was noted more 
fvecpiently in those who died early, while ])rolonged fever was present 
only .slightly more often in the group that died within one year than 
in the grouji that survived four years. The electrocardiogram did not 
lu'lp in determining tlie gravity of the prognosis. Auriculovcntricular 
block was slightly more frecpient in the patients who died early, hilt 
intraventricular hlock as w(’ll as an ahnormality, usually an inversion, 
of the T-wave in Leads 1 or If of the “coronary’’ ty))e were encoun- 
tered more often in those who survived. The treatment, consisting 
primarily of re.st with long convalescence and a careful life afterwanl. 
was generally much hotter carried out in the patients who survived 
than in those who died. 

SUMMAItV AXI) COXCWjSlOXS 

1. A clinical study has heeii made of tive, hundred cases of angina 
pectoris and of two hundred cases of coronary thrombosis. An analy- 
sis is presented of certain factors the presoici' of which may or may 
not infl\mncc the gravity of the prognosis. The importance of the 
subject is evident because of the increasing freijuency of angina ])ec- 
toris and of the resiioiisihle iiosition in the community of many of the 
patients. 

2. Prognosis of Angina Peetori.s. Of the scries of tive hundred 

patients with angina pectoris two hundred and thirteen are dead with 
an cHciage duration oi liie of 4.4 .vears jifter the onset of the disease. 
The average duration of life to date for the total series of tive hun- 
dred cases is 4.9 years. Of the patients who died death could he at- 
tributed to failure of the heart in 82 per cent, and a sudden exitus 
was frequently encountered. About one-fiftli (19 per cent.) had nor- 
mal hearts on ])hy.sical examination, normal blood pressures, and nor- 
mal electrocardiograms. This combination of findings was an im- 
nsiially favorable sign. Coronary thi-ombo.sis, although fre(,uentlv en- 
countered, did not atfect appreciably tlm duration of life. ])rovided the 
patient survived the acute attack. The preseiieo of hypLJon am 
ptai ed not to he of serious imnort U'lir ii < t ' * 
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early. The presence of syphilis, aiig-ina decubitus, poor heart sounds, 
definite cardiac enlargement, congestive failure, or marked aiderio- 
selerosis appears to be unfavorable, and the more of these factors 
present in the given case, the Avorse is the prognosis. A Autal factor 
in the prognosis is the degree of care to which the patient can and 
Avill submit; the more careful the life of the individual, the longer as 
a rule Avill he live. 

3. Prognosis of Coronary Thrombosis. Patients often survive coro- 
nary thrombosis for many years in good or fair condition. Of the 
series of two hundred patients with this condition, one hundred and 
one are dead with an average duration of life following the attack of 
1.5 yeai's. The average duration to date for the entire series of two 
hundi’ed patients is 2.4 years. The patients who died almost invari- 
ably SAiecumbed to failure of the heart. The younger patients as 
a rule lived a little longer; the sex appeared to be unimportant. 
Neither the previous occurrence of angina pectoris nor its duration 
l^rior to the attack of corouaiy thrombosis has seemed to matter. Hy- 
pei'tension Avas not important. Syphilis Avas rarely encountered. Car- 
diac enlargement of considerable degree is a someAA'hat unfavorable 
sign, AA'hile the presence of congestive failure and poor heart sounds 
adds considerably to the graA'ity of the prognosis. The electrocardio- 
gram did not help appreciably in this series. Good treatment was im- 
portant. 
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THE EHECTKOCAEDIOEKAltl IN HHETIC, AKTEKIOSCi.EUO I IC, 
AND KHEHiMATK'. IIEAKT DISEASE" 

Afjriii'.n FiiiKni<AN’i>itK. IIl.D. 

f -IKCIXXATl, <)nu) 

'^IIE purpose of this study was to ascertain wind elect roeaidio- 
1 {graphic chan^-es wo\ild he r<mnd in a series (d’ enses nl advanced 
luetic heart disease. In order to have a basis of conii)ansoii, it was 
L*lude lilce numbers of cases ol luetic. arterios{derotie and 
One hundred eases oi each trroup W(‘re 
therefore analyzed. No ('iTort was made to select the cases. Ihe 
electrocardioprraphic recoial book of tin* Cincinnati (icneral Hospital 
was taken, and ]0(J consecutive eases of each {rron)) were set <lown. 
Thereupon the clinical case histories were trone over, so that the diajr- 
nosis could be veritied. Cases in which the diaftnosis was in doubt 
were excluded, and next consecutive verified cases were substituted. 
The cardiovascular material at the Cincinnati (icneral Hospital hap- 
pen.s to be very large, so that in going over the records for two and 
one half years, the IKK) cases were obtained without ilifliculty. All 
case.s .showing imiirovenu'ut or remaining unclianged wi're followed 
for a period of at least six mouths. In this study no reft>renee is made 
to the .symptoms and signs presented by the ))atients. ICmjihasis is 
laid chiefly upon the electrocardiographic findings and mortality sta- 
tistics. It was felt, that a comparison of the findings in Iiu'f ic, arterio- 
sclerotic and rheumatic heart disease would be of value. Analysis of 
the autop.sy findings is resei'ved for future study. .Summaries of the 
various analyses are herewith iiresented, with comment. 

Hex, Color and A(/c Groaps and- General MorUdHp . — In the luetic 
group there were 38 deaths. The average age of all the ])atien1s was 
48.4.9 years. There were 81 males (()3 colored), H) females. In the 
arteriosclerotic group there were 28 deaths. The average age was 
59. 59 years. There were 65 males, 35 females. In the rheumatic gi’0U]i 
thei-e were 14 deaths. The average age was 30.08 year.s. There were 
56 males, 44 females. 

In the luetic group 66 per cent of the cases occurred hot ween the 
ages of 40 and 59 yeans. In the arteriosclerot ic groui) OS imr cent of 
the cases occurred between the ages of 50 and 79 years. In the rlicu- 

matic group 70 per cent of the cases occurred between the a^^os of 30 
and 39 years. " 

Department of Internal Meaidno. College of MecUeinc. Univer.sily of 

Read before Oie American Ho.nrt As.qociatton at Phlladolphin. Pa.. .Tune T. m.H. 
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Arrlnifhmias.~ln the luetic group 54 of the 100 eases sliowed some 
form of arrhytlnuia. Of these, 23 died (42.5 per cent). In the arte- 
riosclerotic group 35 of the 100 showed arj'hytlimia. Of these, 13 died 
(37.1 per cent). In the rheumatic group 33 of the 100 showed ar- 
rhythmia. Of these, 8 died (24.2 per cent). Abnormal T-waves were 
found in a large proportion of the fatal cases in all groups, in addi- 
tion to premature contractions. In the luetic group the si^ecifie mor- 
tality for the cases showing some form of heart-block was approxi- 
mately 50 per cent. Slighthy higher mortality figui-es for heart-block 
were found in the arteriosclerotic grou]). In the rheumatic group the 
.specific mortality wa.s slightly lower. 

Fibnllafion. — A special study of the incidence of auricular fibrilla- 
tion in the 300 cases was made. In the luetic group, there Avere 10 
cases, all males,- A\*itli an aA-erage age of 55.6 years. Of these, 4 died 
(40 per cent). Of the 10 eases, 3 had aortic insufSciencj^ and 7 had 
luetic aortitis AA’ithout insufficiency. All of the deaths (4) occurred 
in cases of aortitis AA'ithout in.sufficiency. The diagnosis Avas con- 
firmed in each instance at autop.s 3 ’. These findings are at Amriance 
AAuth those of Juster and Pardee,^ who found fibrillation only in the 
luetic cases AA'itli aortic insufficienc 3 ^ In the arteriosclerotic group 
15 eases (9 males, 6 females) shoA\’-ed fibrillation. The aA^erage age 
Avas 65 years. Of tiiese, 3 died (20 per cent). In the rheumatic gi’oup 
18 cases (11 males, 7 females) shoAA’ed fibrillation. The aA'erage age 
was 43.8 A’ears, Of these, 3 died (16.6 per cent). 

A.ri.<t Deviation. — In the luetic group 47 cases shoAAwd left axis 
deAuation. TAvent.A'-seA'en of these occurred in patients AA'ith aortic in- 
sufficiency. Of these. 13 died. TAAmntj* occurred in patients AAfith 
aortitis AA'ithout insufficiencA'. Of these, 7 died. In the arterio- 
sclerotic group 29 cases shoAA'ed left axis deAuation. Of these, 9 died. 
One case shoAA^ed right axis dcA'iation. Condition remained unchanged. 
In the rheumatic group there AA'ere 7 instances of left axis deAuation. 
None of these died. There AA’ere 9 instances of right axis deA’iation, 
AA'ith one death. 

The incidence of left axis deA’iation in this series AA-as not as high 
as in some other series reported. Thus IMaster- foiind left axis deAua- 
tion the most common electrocardiographic abnormality in a series of 
152 cases of lij^pertensiA’e heart disea.se (74 per cent). His second 
most common finding AA'as a combination of left axis deAuation AA’ith 
inversion of T in Lead I. These cases shoAved a mortality in his 
series of 27 per cent, Avhile his general mortaIit.y AA'as IS per cent. 
In the series here I’eported, this combination occurred seven times 
in the luetic group. (IMortality 28.5 per cent. General moi'tality for 
the group 38 per cent). In the arteriosclerotic group, the combina- 
tion occui’red six times. (iilortalitA’;, 33 per cent. General group mor- 
tality 28 per cent.) Ziskin,^ in a series of 100 consecutive patients 
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with hvpertonsion. Jound loH nxis deviation in only ■M eases. . 
made no study of tive eondiinalion of left axis deviation and mversi 

of Tin Lead 1. 

Jn l)otli the luetic and arlerioselevotie <^n'oups o! the series here 
reported, the si)eeifie mortality for all ease.s showiiifr left axis devia- 
tion was sli-rhtly above the !i»‘neral mortality li'rure, but the ililler- 
enee was not striUiufr. 

Lnujihnmi P-li hifrrral ami Ilrarl-Worh-.—\n the luetic ^n-ou)> lo 
eases showed leu^dheiied P-U interval. .Seven (»f these imtients died, 
.showin-r a .speeific mortality for leu^dhened P-H of 'Hl.ti per cent. 
Foiirteen of the luetic eases showed some form of heart-bloeh. Seven 
of these died. .showin*r a speeitic mortality for heart-bloeU of oO per 
cent. The jrross mortality Lu- the Inetie <rroup was .‘tS per cent. In the 
arteriosclerotic ^roup, (i cases showed li'n”tbe))ed P-K. (t)ne death. 
Specific mortality Ki.ti per cent.) Five cases showed some form of 
heart-block. (Four deaths. Speeitic. mortality 80 )>er cent.) 'fhe 
f'ross mortality for tlu' arterio.sderotie frnuip was 28 juu- cent. In the 
rheumatic p:roup, 12 ease's showed leu^theued P-U. ( 1 wo oi tlu'S)* 
died. Speeitic mortality Ki.tJ jier cent.) ICi^dit (;ases sltowed some 
form of heart-block, ('('hree deaths. Speeitic mortality llT.o per cent.) 
The <rross mortality for tin* rhenmatie "rouj) was 1-1 ))er cent. 

Ahnorwal QRH (^amphx. — Analy.sis was made on the basis of tind- 
in<r (a) low voIta<re in all leads, (b) notchit)}; or slurriii'^r of (ht> conn 
])lex. and (c) notchiuij: ami wideuinix of QllS (over 0.12"). 

With referenc(‘ to low voltafre the ti',iures for all }:rouiis were: lu- 
etic frroup 14 cases, 8 deaths (specilie mortality 57.1 per cent); arte- 
riosclerotic i:l cases, o deaths (specific mortality .’18. 1 per eenf) ; rh<’U- 
matie (rroup 11 cases. 2 deaths (siU'cific mortality 18.1 ]n'r emit). 
Hepburn and Jamiesoip say that- low A'oltapre. ('ven thouirh unaccom- 
panied by other elect rocardio'^raphic abuoi-nmlities is a ]n'o»rnoslic 
si"n of serious import. Willius and Killins' as the result of their 
study of a scries of cases do not feel that this is a .jiistifiable state- 
ment. The sub.iect is still under discussion. Tn the series here ana- 
lyzed it is noteworthy that the low vol(a!.re eases in the Lu'tic yrou)i 
had a niortality far above the aA'ci’atre. In the arterio.sderotie jiroip) 
the excc.ss mortality for low A-oltape was not nearl.v so (rreat, while in 
the rheumatic ',rroup it Avas hardly noticeable. Analysis with refer- 
ence to notchino; or .sluri'iufr of (he QKR complex showed no marked 
increase in the specific mortality in any of the <n-oups. TTeimann'' 
.studied a series of 85 cases of cardiovascular syphilis and referred to 
a notching' of QRS which he found in flO ]ier cent of thesi' eases. 
Juster and Pardee in their .series of 50 cases of luetic heart disease’ 
found only 7 cases showing the notch of TTeimann ’s illustrat ion (The 
notch IS not accurately described.) Tn this series of 100 ease’s sueh 
notching Avas found only f) times. Notching and wideniu- of the ORR 
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was associated with a specific mortality above the average in each 
group of this series. This same statement liolds good for all tlirec 
forms of abnormal QRS, considered as an entity in each group. 

Abnormal T-wavc.—The higli incidence of abnormal T-wavc in both 
the luetic and arteriosclerotic groups is in consonance with the find- 


ings of many observers. Details of the analysis arc shown in the 
tables. (Tables I and II.) 

Attention may be called to the fact that the specific mortality for 
abnoi’inal T-waves (all forms) is higher in the luetic tlian in the arte- 
riosclerotic group. So far as the “coronary T-wave” is concerned, 
the moidality in the luetic group was almost twice that in the arterin- 
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AiiXonMAL T-Wavk — A i.r, Casks. Ixcidk.vck axi) ifouTATiiTV 


LUETIC UKAUT DISEASE 

100 CASES 

AIITEIIIOSCLEKOTIC HEART 
DISEASE 100 CASES 

RHEUMATIC HEART DISEASE 
100 CASES 

Gross Mortality 38% 

Gross Mortality 28% 

Gross Mortality 14% 


Cases showing abnormal 
T-wavc (including Cor- 
onary T) 70 

Cases showing abnormal 
T-wave (including 
Coronary T) OS 

Casc.s showing abnormal 
T-wavc (including Cor- 
onary T) 29 

Died 24 

Aortic Insufficiency 1(5 
Aortitis 8 

Died 14 

Died 

0 

Improved 41 

Aortic Insufficiency 23 
Aortitis ' IS 

Improved 42 

Improved 

20 

Unchanged 5 

Aortic Insufficiency 1 
Aortitis 4 

Unchanged 12 

Unchanged 

3 


.Specific Jlortality for ab- 
normal T-wavc (includ- 
ing Coronary T) 24 
(34.2%) 

Coronary T-wave (includ- 
ing abnormal S-T Scg.) 

No. of eases 29 

Died 12 

Aortic Insufliciencj’ 7 
Aortitis 5 

Improved 14 

Aortic Insufficiency 9 
Aortitis 5 

Dnclianged 3 

Aortic Insufficiency 0 
Aortitis ' 3 

Specific Mortality for Cor- 
onary T-wave 12 
(41.3%) 


Specific :Mortality for ab- 
normal T-wavc (in- 
cluding Coronary T) 
14 (20.5%) 

Coronary T-wavc (in- 
cluding abiioriiial S-T 
Scg.) 

No. of cases 24 

Died 5 


Specific ^lortality for ab- 
normal T-wavc (includ- 
ing Coronary T) C 
(20.C%) 

Coronary T-wavc (includ- 
ing abnormal S-T Scg.) 
No. of cases 11 ' 


Died 


Improved 11 Improved 

Unchanged S Unchanged 


.-speeilic Mortality for 
Coronary T-wave 5 
( 20 . 8 %) 


Specific IMortality for Cor- 
onary T-wavc 2 (18.1%) 
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sclerotic group. Naturall.y the “coronary T-wave” mortality was 
lowest in the rheumatic group. Juster and Pardee^ found the ahnor- 
inal 1-wave in 85 per cent of theii* 50 luetic cases. The incidence of 
abnormal T was mucli higher in their cases of aortitis without valvu- 
lar lesion. In this series of 100 luetic cases there was an abnormal 
T-wave in 70 per cent. Analysis of the two groups of luetic cases, 
simple aortitis, and aortitis with insufficiency, showed that the valvu- 


lar group had a higher incidence of abnormal T, a higher incidence of 
“Coronary” T, but the discrepancy as noted by Juster and Pardee 
was not so marked. 

A comparison of all electrocardiographic changes in the two types 
of luetic lesion showed no findings characteristic for either group. 

Normal Electrocardiograms . — In the luetic group there were six 
normal electrocardiograms, Avith one death ; in the arteriosclerotic 
group, two normals, with one death, and in the rheumatic group 25 
normals, Avith one death. 


sujemaey 


As a result of this study of one hundred cases of adAvauced cardio- 
Auiscular lues, using like numbers of cases of arteriosclerotic and rheu- 
matic heart disease for compari.son, it seems epute evident that there 
are iw electrocardiographic findings pathognomonic of luetic heart 
disease. 

The eleetroeardiographie iiicture in luetic and arteriosclerotic dis- 
ease shoAvs a striking parallelism. The A'ariations from the normal as 
found are due to the myocardial degeneration, and are not cliaractei'- 
i.stic of the lues per se. AVhile it is true that certain of the ar- 
rhythmias and certain abnormalities of the T-AvaA’^e are of sinister 
prognostic import, it appears to be quite true that this is the case in 
the ai’terioselerotic as Avell as in the luetic cases. There is thus no 
characteristic electrocardiographic picture of cardiovascular lues, and 
it is not justifiable to make definite forecasts of the prognosis in this 
disease from the electrocardiogram alone. 
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NERVOUS AND ]\IENTAL INFLUENCES IN ANGINA 

PECTORIS'^T 

S'rKWAHT R. Roheuts, ]\I.D. 

AtijAnta, Ga. 

EBERDBN’ clescribocl angina poctoris in 17(58 and referred to 
the nervons and mental inflnences preceding an attack as fol- 
lows-. “In some inveterate eases it has been brought on by the 
motion of a horse or carriage or even by swallowing, coughing, going 
to stool, speaking, or any disturbance of the mind.” Again be says: 
“The angina pectoris, so far as I have been able to investigate, be- 
longs to the class of spasmodic, not of- inflammatory complaints.” In 
a summary he notes, “the access and recess of tlie fit is sudden; there 
are long intervals of perfect health; it is increased by any disturbance 
of the mind; during the flt the pulse is not ciuickened ; and lastly, its 
attacks are often after the. first sleep, which is a circiun.stance com- 
mon to many spasmodic disorders.” He sums up and dismisses the 
treatment very briefly; “With re.spect to the treatment of this com- 
plaint, I have little or nothing to advance .... Quiet, warmth, and 
spirituous licpiors lielp to restore the patients wlio are nearly ex- 
hausted and to dispel the effects of a fit wliieh does not soon go off. 
Opium taken at bedtime will prevent the attacks at night.” lie was 
a pioneer in the study of the complaint, wrote long before the hypo- 
dermic syringe and alkaloids came into use, and yet he made many 
references to the play of nervous and mental influences, the strain of 
effort in producing an attack, and the benefit of rest, relaxation and 
sedative remedies. lie discovered that opium is useful in the preven- 
tion of an attack, an example of therapeutic nervous and mental re- 
laxation. 

Ottley- in his interesting life of John Hunter, who had angina for 
20 years of a life noted for strain, intensity and activity, snys, “The 
spasms about the precordia Avere frequently reproduced by very slight 
causes, as trifling bodily exertion or mental irritation. The latter 
cause was the most frequent, to Avliich the uncontrolled hastiness of 
his temper rendered him particularly obnoxious ; and so sensible was 
he of the risks to Avhich it exposed him, that he Avas accustomed to 
say that ‘lus life Avas in the hands of any rascal aa'Iio chose to annov 
and tease him’; a painful thought, that one possessing a mind of such 
nitellectiml vigor should, from neglecting earlier to check this in- 
fi^' of temper, at length have allowed it ‘so to over-master reason’ 

193 ?'^"" at the annual meeting of the American Hea.-t Association. Philarlelpma, June 
tProm the Emory University Hospital, Atlanta, Ga. 
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as to x’ednee liiui to Jiold ]iis life ou such a tenure.” For weeks before 
his death, he liad been in argument and open hostility with his eol- 
leagues at the Hospital and he died in a fit of temper after one of 
them had asked him a question. Even his face is expressive of strain 
and great intensity of mind. It has been the habit to interpret his 
angina in terms of his coronary arteries and their pathology. This 
coronary disease was present doubtless for years, but the frequent 
anger was an even greater personal pathology because it started the 
attack. Had he grown graciously old, and cultivated poise and cour- 
tesy instead of anger, he would doubtless have lived much longer be- 
cause his angina would largely have been avoided. There is no proof 
that, minus liigh temper and angina, he would not have lived much 
longer, even with diseased coronaries. The angina killed him and not 
his cellular pathology. Manj’ more people are afflicted with coronarj^ 
sclerosis than with angina. Angina occurs without coronary sclerosis. 
The chest is just the bony cage that encloses the pain save that which 
trickles out along the nerves. 

Heberden v'rote very plaiulj’- about angina from his own experi- 
ence and observation. He was uninfluenced by argument, instruments 
or the opinions of others, and the chief clinical impression made upon 
him by the complaint was that it belonged to “the class of spasmodic 
complaints,” i.e., sudden, violent, convulsive, exciting, contracting, 
painful experiences. One may feel that he may die, and yet his pulse 
not be faster. With the attack he may die. On the contrarj'-, tlie at- 
tack maj’’ apparently do no harm. Between attacks one may be as 
well as ever, only anginous. Eighty different theories exist in an at- 
tempt to explain it. “The whole history of angina from the time of 
the first observations down to the assemblage of volumes that have 
appeared in recent years is marked by the same evil — to wit, the vain 
piiusuit of the morbid entity that lies beneath the fugitive phenomena 
of the syndrome.” (Gallivardin.^) The trend has been to explain 
“the morbid entity” in terms of a cellular pathology. At one time 
the fad is to explain the pain in terms of too little blood to a tired 
muscle^ ; at another to say that it is due to tension and sti-ain in an 
aorta damaged by a vague pathology®; and in ^mt another to say that 
too little oxygen reaches the heart muscle.® White"® contrasts “coro- 
naiy insufficiency” with “nervous sensitivity” as the two essential 
conditions. 

It is well to think of the iiatient with angina in terms of a personal 
pathology". This involves a considei’ation of the “bad weather” and 
“storm” periods in the life of the patient as well as the stability or 
instability of his nervous life. Are the waters of his life calm and 
deep or wind blown and wave tossed? Nervous and mental influences 
hinge largely on the emotions, which in turn are related below to the 
instincts and above to the ways of the intellect. Emotion is hard 
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enoii-li to describe. It is a fluid and fleeting tiling that like the wind 
comes and goes, one does not know how. All the more difficult it is 
to describe how the mixture of instinct, emotion and mind,' fanned by 
strain and energy, grieved by disappointment, angered by injury or 
injustice, or hurried by necessity, may cause something to happen in 
the chest that comes convulsive and terrible like a veritable epi- 
lepsy of the circulation. Civilization as we know it in Western Europe 
and* America, the ambition, effort and community state of mind of 
these areas, the increasing responsibilities that come with age, and 
an aging circulation, apparently ai*e the foundations for the increasing 
prevalence of angina. The inner adjustment to life, the real spiritual 
control of life, whose outer evidence is a poise and traiifiuillity of mind, 
is not very inviting to angina and the aiiginous life. The strain of 
life and mind is probably the chief factor in producing angina and 
the circulatory irritability necessary to this painful complaint. 


It is probably as important to realize what is not angina as it is to 
recognize angina. However much or little the members of the anginal 
family may be related to each other, each one, as in the human family, 
is an individual, and its diagnosis, treatment and prognosis is on an 
individual basis. There are many causes and varieties of thoracic 
pain, but only one thoracic pain which is angina. A simple grouping 
of thoracic pain as a working basis is valuable, and permits nervous 
and mental influences in angina to be more easily evaluated. 

1. Angina pectoris is a paroxy.smal thoracic complaint not neces- 
sarily associated with demonstrable heart or aortic disease, ranging 
in radiation from the epigastrium to the tips of the fingers and even 
more distant parts, varying in degree from a simple substernal weight 
or sensation, through an ache to a tearing pain or a collapsing agony, 
and associated in the mind with a sense of danger or dying. It occurs 
usually in the sensitive, nervous type, as the Jew, or in the tense, effi- 
cient American, rather than in the dull, happy negro or the calm, ac- 
cepting Chinaman. There is no characteristic electrocardiogram. 


2. The pain of coronary thrombosis, of a location and radiation simi- 
lar to angina, but of loiiger duration and associated with fever, leuco- 
cytosis and often a pericardial friction rub. l\Iueh argument hinges 
here, but coronary thrombosis is probably a different disease from 
angina, and the latter is but one of the symptoms of the former. Ar- 
terial thrombosis anywhere may give pain. An infected vegetation 
ni the pulmonary artery gives sei'ere substernal pain.® Coronarv 
thrombosis has a charaetei-istic electrocardiogram. ‘ 


o. iiie pain oi acute aortitis, syphilitic or rheumatic in nature 
lule, usually substernal in location and anginal in kind. This m 
piobably to be regarded as dependent on infection and a cel] 
pathology in the aorta, and as one of the symptoms of an acute aor 



24 


THE AjMERICAN heart JOURNATj 


4. The precordial, pain of organic heart disease, valvular disease, 
and heart failure. It may occur in the big, brave heart of a hyper- 
tension before or after actual congestive failure. The pain may be 
referred rather gently to the left shoulder and arm or appear as a 
didl ache in the region of the left scapula. It is but a symptom of the 
underlying disease and failure of the heart. 

5. Precordial pains usually transient, but recurring for weeks or 
months or even years in neurotic patients, more frequently in women. 
With her mind on her heart and sensitized mentally and emotionally 
to any thoracic sensation, she easily becomes the “false cardiopath” 
of the Prencli, and is no rare patient. Some bereaved women sad of 
mind and weak of body, with precordial pain, the “grief ache” of the 
English, represent another type. Here the clinician walks cautiously 
in mind and manner in an effort to be sure of his conclusions, but with 
no physical evidence of organic disease and particularly if a tachy- 
cardia increases during the examination and a dynamic aorta pounds 
awaj’’ in tlie epigastrium, witli absent hyperthyroidism and tuberculo- 
sis, the whole matter is one for symi^atlij’, psychotherapy and whole- 
someness. Tlie location of the pain is rarely substernal, more often 
apical or precordial. 

6. There may be even more difficulty with those cases of neurocircu- 
latory asthenia, the effort syndrome of the English, the “soldier’s 
heart” of our Civil War. Here the evident relation to stress and fear 
whether in war or peace, the precoi’dial pain, tachycardia, fatigue and 
even mild cyanosis, make a distinctive picture that needs time, rest 
and encouragement for recovery. 

7. Aches and pains involving the tissues of the left chest wall. Here 
is a motley group geographicallj' stimulating to a fear of heart disease. 
Here belong hyperesthesia of the skin, panniculitis of the adipose tis- 
sue, fibrositis of the connective tissue, myalgia of the intercostal 
muscles, intercostal neuralgia, and referred pain from other areas and 
trauma. “Would you be uneasy if the same pain were on the right 
side?” is a good question. 

8. The pains of the grosser lesions, pericarditis, pleuris}'’, empyema, 
aneurysm, mediastinal growths, lung tumors, and referred pains from 
diseases of the cord and vertebra. These last are often very deliberate 
in intimating their location and nature. 

9. Many exceedingly rare conditions occur in the chest. They sur- 
prise the clinician by their very rarity, and yet so much the more need 
explanation and treatment. A phlebitis of the thoraeo-epigastric 
vein® is a case in point. Pain substernal or preeordial in location is 
of particular importance for diagnosis. 

Angina is apparently increasing in a community life of increasing 
strain, and it is well foi* the clinician to have very terse and clear 
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the clinician translates these words and appearances into his on n in- 
terpretation. The patient, ninst feel far more than he says to .pnlfre 
by his words, manner and sntTerin-r. One patient, said to me, “Oh. 
Doctor I wish von conld see my pain, and then yon could measure it 
and know .imst'how great it is.” One carries his emotions, feelings, 
prejudices, and liahits ahout with him in a distinctively individual 
way. Notice how individually, proudly one deserihes “what I eat 
for breakfast every day iirthe yeai'.” ' This is probably more true ot 
the educated and cultured than of the nnedneated and natural, though 
to be natural may be to he very cultured. Each individual is an as- 
sortment of ways, habits and emotion.s, and a state of mind as well. 
Angina is a loose and elusive thing that comes and goes as it wills 
niilc!3.s one gets deep into the pcr.sonality and nnder.stands its very 
fibre and nature. The personality itself rarely understands itself, and 
needs rather to be understood. The slrnctnre and function of the 
circulation in an adult who.so habits of personality are established is 
not to bo separated from the nature of the personality, the gear of 
the emotional schedule, and the content of the mind. Nervous and 
mental influences are probably more closely coimi'cted with angina’" 
than with any other disease of the circulation save po.ssibly the spastic 
condition called essential hypertension. 

Angina breaks into the personality not only with pain hut witli the 
threat of danger. A friend, neighbor or relative has “had this ‘breast 
pain’ and there was something the matter with his heart, and he died 
with it.” The fear of heart disease, the sen.se of dying in an attack,” 
the danger of death arc added to tlic cares and burdens of life. ^Yhe^•(^•I.s• 
formerly he was safe, now he is unsafe; formerly well, now .stricken 
with pain and that quickly; formerly Avith life ahead, now death in an 
attack seems very near; formerly without traffle with those distant 
beings called ”doetor.s,” now he .sees one or more of them needs one 
ot them qniekly m an attack, and actnaliy has to take medicine 
around with him to he safe and ready to ward oil; the ])ain and the 
danger. I have seen a lawyer of most robust body and eleelrie nervous 
system Avritlie in bed from attack after attack of amnna until Z 
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last two Thayer^- says no one would exaggerate but a Christian Scien- 
tist. The lawyer seems to have lost his angina and is still living. 

Both patient and doctor should remember that when death arrives, 
it has already passed. Oue avIio fears death, dies many times before 
he dies. Moreover, the patient realizes that he is helpless unless the 
doctor can help him. The doctor may tell him what the disease is, 
may give him medicines and accent what to do wheii the attack comes, 
but after all tliis is but treating tlie pain of the attack. It is a hyjjo- 
dermic for pain and nothing more. Only the anginous have angina. 
To have angina is to be more anginous. Merely to treat the attack 
is to view the patient bodily, not as a personality, and does not in the 
least lessen the drive of life that perhajis more than anj' other factor, 
causes the angina. It is as Hoiistoji so wisely and rebukingly says, to 
“practice medicine on the veterinary level.” But it is another matter 
to treat the anginous patient for his anginous state, and to view the 
attack as a flash of lightning in a clouded sky. To be anginous is a 
state of the nervous system ; to have angina is to have nerve pain in 
the center of the circulation. Increase the tension of the nervous 
system and its fatigue with a sensitive and aging vascular system in 
certain people, and the pain comes. We call it angina, the name of a 
peculiar heart pain. The doctor has much more to do when he treats 
an anginous patient than when he merely treats angina. He wishes 
to know what the anginous patient is doing to life as well as what 
life is doing to the anginous patient. Each person is really busy with 
two businesses ; one the work of his life, liis vocation, whereby he eaims 
his living; the other business is just living, the business of his own 
life, the sum total of himself, his ambitious, endeavors, problems, and 
particiilarlj'' their reactions. The purpose of a life is one thing and 
the process of a life may be quite another thing. Somewhere between 
the purposes and the processes of a life may be the starting point of 
many an angina. What the doctor does in the readjustment of the 
person, which includes all mental and physical processes, actions and 
I'eactions, is the real treatment of the anginous state and far more 
important than only drugs for angina. To treat the anginous state is 
the real curative and preA-entiA’^e treatment of the angina itself. Though 
the heart be the location of the attack, the nervous and mental proc- 
esses may be the source of the anginous state. A case that illustrates 
these points may but change our clinical focus from the heart to the 
nervous sj’’stem. 

A gentleman of sixty came complaining of angina pectoris begin- 
ning Avith the first attack on Dee. 24, 1930, and recurring about 12 
times since. The pain is substernal, though in the last four attacks it 
has radiated to the shoulders and doAAm the arms to the elbows, the 
more painful in the left arm. There is no shoi’tness of breath oi* sweat- 
ing, though in the Aviuter cold air seemed at times to bi’ing on an at- 
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tack. Jnst stepping mto a wai-m room tvo.iW inatmitly stop tkc pum. 
In tlie last four attacks the pain came while he lyas Aialk 
ceiitly he had been so worried, he has walked fast, intent 'j'’ ' 

ness and tliinking as he walked. He was ot average 
but one was impressed with his large, hue ie«u , us s i ^ y 
anxious, worried, and tired face. His wite had telephoned ahead that 
lie had been greatly worried for three ycar.s, and to he ^el^ gtn 
with him. He had noticed that an attack might be jirecedcd or accom- 
panied by disturbing gas in the abdomen, or the gas may come alone. 
The pain is worse Avhen there is much gas. 

His father died of angina at GO, though his mother lived to 88. One 
brother died of alcoholi.sm and one of tnbereiilosis. His family has 
been dominant and influential for a hundred years. !Many ol them 
occupy influential positions of national importance. As a whole, it is 
a family of intelligence, efficiency and energy. Tlie trick of power 
was in the blood and the patient confessed that he had always prided 
himself in taking the leading part in everything he was in. As a 
young man he left a small town in another state to come to Atlanta 
that he might have a larger opportunity to grow rich and pvom'moni. 
He was a real estate broker, builder, and capitalist. He confe.ssed 
that he had made and lost three fortunes. The last loss began three 
years ago, and for this time he has struggled to recoup and retain a 
little of what he had. He describes his condition ijuite uni(iuely, “For 
three years I have had cumulative woit.v. J had enough to rpiit and 
retire, and then I gritted ^nyself into enough coni'age to lose. 1 have 
been gritting and losing, and now I am reacting from both. T am 
nervous in the sense of always being tense and straining. T have 
never learned to go slow and ea.sy. When I played golf. 1 stopped 
off the tee first. When .1 went to church, 1 was chairman of the 
board. When I Avas in a conversation, I led it.” There was no con- 
ceit heie. It Avas rather the frank statement of his mental make-ujA. 
His AAufe Avas a little, thin, timid, gentle piece of steel and courage. 
Avho said, “You knoAA*, Doctor, my hu.sband has never been able to 


He is not ])lay- 


lelax and laugh. He is too .serious and business-like 
ing when he thinks he is iflaying.” 

Ho was showing a l„t to a cuLmor on winch l,o 1,„,1 „„ oxcihsivo 
sale. He was smldcniy told fl.at anotiaw asont l.acl soil! tllo lo|. Ha 

and had a mo.st severe attack. It iasted more limn an lionr and l,e 
was sm-e he was going to die. Neitl.er warm air nor rest aided and he 
writhed m pam. This made i,im seek treatment. 

Briefly, his physieal condition .slioAvcd one neri-rntf..,! i 

small inactive adenoma of the thyroid B P Lo/ 00 IT" - " 

peratnre 97.5°, slight enlargement of He Wf von 
«onnc1s, a mild artoriosclci-osis ! l!u ' ^ 


0 small stone in the riglit kidney, 
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2 plus albumen in the urine, from an old prostatitis, uretbritis and 
cystitis. All reflexes e.\'aggerated. Hemoglobin 70. Electrocardio- 
gram normal except for excess of somatic tremor. Gastric acidity 
normal. TTassermann test negative. A nervous man. and tense. 

hat ivas to be done? '\^ as he to be viewed merely bodily? The 
])rostatitis Avas very old. The dental granuloma could hardly cause 
this picture. "Vras there a common source for these three chief find- 
ings. viz., a nervous indige.stion of 20 .A'ears’ standing, a mild h.A'per- 
tension. and a more recent angina? TVas the wiser judgment to 
regard him as a nervous American Avith the spasmogenic aptitude of 
the type, a high strung mind and nervous .s.A'stem, the common source 
for his three chief complaints; their presence the price he had paid 
for his effoids to lead, to dominate, and to acquire cares and riches? 
It seemed better to focus on his personalitA* than on his cellular pa- 
tliolog.v. He said of himself, “Hy mind leaps ahead and .just goes, 
it gets animated at the least little thing, and I catch myself halfAA'a.v 
through an excited conversation and say, look here, this is against 
doctor’s orders, and I must stop and get hold of mr self.” 

It was decided to attack his pensonality make-up. Only the offend- 
ing tooth was remoA'ed. EA-erything Avas explained to him and his 
wife. He Avas seen from April 14 to June 22, 1931, ahvays at the 
ofiaee. Little emphasis was laid on the attack and much on him, liis 
nervous system, and his high-gear living. Sodixun bromide and chlo- 
ral-hydrate in half gram doses were given at noon and bedtime dail.v. 
Each weekly visit Avas .spent in ps.vchotherap.v. Avhich is nothing more 
than clinical power, presence, and personalit.A' floAving through convei- 
sation, explanation, and encouragement. His Avife aided gi'eatly be- 
cause the management Avas her oaaui conviction approved by thirty 
years of married life. He became a new man in the ways of his mind, 
Avorry lessened, the attacks stopped, the blood pressm-e retui-iied to 
normal, he .slept and looked well, and onl.v transient gas attacks 
reminded him of his former state. A magnesium salic.vlate tablet 
aided the nervous indige.stion. The anginal attacks stopped first, 
then the pressure became normal, then the disturbing and prolonged 
gas attacks lessened. He lived by the folloAAung written directions: 

1. Go slow and easy. Thirst of all inside .vour mind. Second of all 
with your body. You have led the pack. Xow fall in behind. 
Hurry up slower and be more baekAvard in coming foiward. He 
leadeth me be.side A-ery still Avaters. Xo yesterday and no to- 
morrow — just to live until bedtime. Fcav preferences and fcAver 
prejudices. 

2. Take one tea.spoonful of the medicine in wafer at 12 noon, and 
bedtime, daily. 
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tub biitli, lying qiiiofly iu 'vu™! 

TcmiMn’iitnro ^^0 io .14 


0 . 
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3. For the present, a 'warm 
for about twenty minntes, at l>eatnue. 

degrees — ^not higher. _ _ 

4. Reduce your cigarettes oue a rveek for ten weeks beg.uu.ug 

ten. . .,..11 

Lie down, shoes oif, coat and vest off, collar and tie o , in , 

one hour after lunch, dailj . 

Avoid, os you would a wild beast, hurry, worry cold, cold wiuds 
overeating, fast eating, emotion and auger. Ke.nember (,onuu. 
Hack— ' Most another hall game.'’ 

7. Carry with you the little vial of nitroglycerine. Put one on your 
tongue and press against the roof of your nionlh when the attack 
begin.s and repeat every In inimites until relieved. Take a tablet 
when it begins, and sit down. When it is over, go home and lie 
down. 

8. Eeturn once weekly. 

This case has been to me a great clinical lesson or rather, there 
have been many clinical lessons in one ease. From tlie mind and 
nervous system the trend to .spasm aiiparently involved the heart in 
the angina, the vessels in tlie hypertension, and the digestive tract in 
the nervous indigestion. IMcCrae's’-’' excellent paper, ‘'Angina pec- 
toris; Is it always due to coronary artery disea-seP’ came to my mind. 
I could not but contrast the two case.s of slowly progressive essential 
closure of both coronary orifieCvS and the ability of these patients to 
live due to the compensatory circulation furnished by the Theshian 
veins, as reported by Leary and Wearn,^' with the trememlons accent 
the literature lias laid upon tlie coronaries as the one cause of angina. 
Levy’s’-' e.ssay on angina as "the .symptomatic manifestation of many 
pathological states” is a wi.se effort to influence the view that there 
may be many different canse.s of cardiac pain. I wondered if our 
nerve resections and in.iections, except for tbc relief of agonal angina 
after all else has been tried, is not really the Avrong path for anginal 
therapentics. Perhaps angina had given the clinician himself a kind 
of angor animi about the disease, and he lias come to think of angina 
as a syndrome Avliidi has the patient instead of the patient Avho''ha.s 
angina. Conner’s’" recent contribution in giving graded exercises to 
patients witli angina is a treatment of the anginal state, and an un- 
conscious transfer of the patient’s p.sychology from his attacks to 
walking, effort, and encouragement. All through HcKeimie’s hook 
on Angina he touched again and again on the nervous sv.stem and tl.e 
mmd but somehow he never really came near the problem for he 

the aoT " Allbutt w.m of 
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Long ago Osler^' noted the raritj- of angina in the rnn of hosjiital 
patients and in negroes. Arthur A. Stevens recently showing a case 
in his wards in Philadelphia, remarked, “In this and other hospitals 
for the indigent true angina pectoris, at least the major form of the 
disease, is comparatively rare. The ease before ns is the first I have 
seen in this hosirital for more than a year, although in the same period 
there have been hnndi-eds of patients with eardiovasenlar disease in 
its most extreme forms.” Brooks^® believes the condition is more 
frequent than in the not remote past, and that it is even increasing in 
the hospital class, where “it is associated with worry and great stress 
of life.” He well says “that the obligatory demairds presented to 
every person, physical or brairr worker, is for more speed, greater 
production and gi-eater stress in every relation.” i\rorawitz^® of Leip- 
zig thinks that we sliould be intensely eoneerned with angina, for in 
Germany at least, one has tire impression that it is daily on the increase. 

Austin Flint-” in a large practice in a more placid Victorian New 
York, claims not to have seen a ease in five j'ears. When I graduated 
in medicine thirty years ago, I had never seen a case, whereas now it 
is one of the common circulatory complaints. White-” in Boston has 
seen as many as one hundred new cases in private patients in eight 
months and three new cases in a single day, which makes him “be- 
lieve that the situation is appalling and demands some action on our 
part. Almost certainly the most effective move that Ave can make is 
to call a halt on the world’s mad rush of today.” Of 3,000 patients 
in New England seen by him, 353 or 11.8 per cent had the complaint. 
In estimating the value of his experience, it is only fair to say that he 
devotes himself to diseases of the eireidation as a specialty. One Avon- 
ders if this apparent increase finds its basis merely in a pathology of 
the coronary arteries. One of my colleagues, L. i\I. Gaines,-^ has had 
here in Atlanta, four Avomen, all under concurrent treatment. I knew 
one of them for many year's, and her nervous nrake-up Avas identical 
Avith the case above described. Such nei'Amus systems corrld Avell be 
described as electric, extravagant, or by the colloquial Avord, “spark- 
ing.” They are up and at life bj- day aud night on every occasion 
and incident. 

As hypertension has apparently increased, so has angina. In 1931 
in Atlanta, among the better class of AA-hites, particulai’ly over fifty, it 
is common. Among the negroes subject to every form of cardiac and 
coronary disease except the influence of nei’Amus and mental strain, 
it is irractically unknoAAui. The negro has far more circulatory disease 
than the AAdiite, added to exposure and the carelessness of a careless 
race, and no angina. I AA'orked tAAmnty years among sick negroes 
in both in- and out-patient sections, and neA'^er saAv a ease in a negro. 
Among approximately 20,000 in-patient negroes in Atlanta, a diag- 
nosis of angina had been made, eAmn by the interns, only fiA'e times 
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ill nine years' The staff had never made the diagnosis in a iiegio. 
In a study of these five charts bearhig the diagnosis, no one is charae- 
the syndrome hut rather of coronary 
fibrinous pleurisy, preeordial distress from cougestne 
apical distress from religions and musical fervor.^^ Lyons 
Orleans, thinks it may occur occasionally, klusser,- in the sam 5 , 
lias never “observed a full fledged, typical attack of angina pectoiis 
in a negro. On the other hand, ive frequently see negroes who suffer 
with cardiac pain hut not the deflnite anginal syndrome. Leinamq 
in the same city, with an enormous experience and interest in this 
question, has never seen true angina in a negro, and makes these in- 
teresting comments, “I have no explanation for this very striking 
discrepancy which has engaged our interest and attention for niani 
years. The only probable explanation that comes at once to my mind 
is the fact that negroes seem to be less highly organized nervouslj . 
They seem to bear pain better than do . the whites. Has it not also 
occurred to you that suicide is exceedingly rare, almost unheard of, 
among negroes? In other words, I am suggesting tliat while the 
physical basis for angina and coronary disease is certainly present in 
negroes, the symptom complex is not present because of the less acute 
loerceptions of pain. I acknowledge that this is not a complete and 
adequate explanation.” 

I questioned a very sensible negro about suicide in liis race. He 
said it was not true that the negro did not worry very much. At 
times there was great worry, but he never worried very long about 
any one thing at any one time. It was difficult for the negro to worry 
standing up, and when he sat down he went to sleep so easily that 
the worry passed away. This discussion concerns only the full 
blooded negro. Another negro stated that the chief dift’erence be- 
tween the white man and the negro was that the white man knew how 
to woi’k but that he did not know hoAv to play. All of this means that 
the average negro never takes anything very seriously for very long. 

W. R. Houston,^^ in Augusta, has never seen angina in a negro 
apart from the substernal pain in a luetic aortitis, which removes it 
from our consideration. Stone, of Galveston, writes, “I still have 
to say that I have yet to see a typical case of angina in a negro ” 
Comparmg his cases with those of Wood, Jones and Kimbrough"- 
fiom Virginia and Massachusetts, “It is noted that there are only 
a ou one ourth as many eases of angina pectoris among the Texas 

George Heumaiin, from a large experience, lias never seen a case 
an a negro J. D. Odum- studied the questimx for me in the Cra 
Zone Panama, and fonncl from the records of the eorJas IlZ 
tal, augma Itstecl as a principal disease with five eases amono H 
wlntes, and two deaths; West Indian negroes, three oTseraTd 
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deaths; and not a single case in a negro in the hospital for this year 
np to j\Iay 13, 1931. liVhether these cases Avere essential angina pec- 
toris or dependent upon aortitis or coronary thrombosis was not 
stated. Among the Indian tribes in Panama, there is no record of a 
single case. Deaths from angina apparently are nearly Wice as fre- 
quent in the northern and eastern states as in tlie southern and mid- 
western states, and the rarity of angina in the slow-going tropics is 
Avell known. The relatiA’^e rarity in AA’-omen is notable and suggestiA’-e. 

The AAdiite man, particularly those living lives of stress in urban 
conditions of competition, Avork and strain, makes his little plans and 
lays up cares and riches and takes much thought of the morroAv ; the 
negro knoAVS his Aveekly Avage is liis fortune, takes each day as it is, 
takes little or no thought for the morroAv, plays, and lives in a state 
of plajq hurries none apd Avorries little. What must it he to liA^e un- 
hui’ried, uuAvorried, superstitious but not ambitious, full of a child- 
like faith, satisfied, helpless, plodding, plain, patient, yet living a life 
of jo3>- and interest? Even the negro child laughs easily, dances, sings, 
plays, and that usually in rags and Avretchedness. Neither does the 
Chinaman have angina. He has the placid inner life of the Oriental, 
reinforced by thousands of years of custom and inner peace, and ac- 
cented by his nature, "this tranquil quietist.” Contrast these tAvo 
sentences from Houston,^® "Ah yes, the Chinese lack the spasmogenic 
aptitude — placid, gentle, peaceloAung, Buddhist — their ideal, the serene 
calm of Amida Buddha, Avith closed lids and folded hands — symbol, 
the lotus floAver seareelj’ SAvaying OA’-er the still pool.’.’ Such is the 
Chinaman; noAv for the American. "It is easj^ to see AAdij)- the red, 
haiiy, Avassail-quaffing, fighting barbarian from the Avest has the 
spasmogenic aptitude ready set upon minimal provocation to tighten 
its coils on him.” 

In the midst of Avriting the aboA'^e in my pleasant, airy room, the 
phone I’ang. It rang again, and then again. The Ethiopian maid 
doAvnstairs very near it, apparently did not hear it, moved not, nor 
paid it any mind. And AAdiy should she hear it? She Avas in a music 
land, crooning and singing over her AVork. Upstairs I AA^as inter- 
rupted. Hei-e was a paper, I must finish it, office hours at one — why 
doesn’t she ansAver it? I tighten Avith the spasmogenic aptitude, and 
aiisAver it resentfully. A call from another maid in another home. I 
tighten another resentful notch, call the maid, upbraid her for her 
indifference to a sound which by habit, courtesy and necessity I can- 
not be indifferent to, return to the typeAAwiter, react and smile and 
try to relax, Avhile the maid Avent on AAuth her childish talk in ignorant 
tidbits, utterlj’’ obliAdous to time, duty and scolding. I try to correct, 
she accepts. She accepts so habitually that she neither replied to my 
scolding nor cared to explain. I strain, she IHes AAuth the day. She 
illustrates the advantages of being uneducated, untutored, unambi- 
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with “an int(>vnal ad- 

Bwt I 
nuicli or 


inst ono who has hy nature been born 

change, l,cv semi into an attitneia ot "“''1^ 
meet, difficnlties every (lay, and many tnnoa a da> and ' ■' > 
little to elmnge and eoricel: tlic difficnlty externally , ^ 

adjnat inyaeK to it internally. The exeent.ve .sanl ‘'"''.J ^ ; 

tary when he sat clown to answer the inornin-x mail, Bnn on Ih , 
daily grief and let’s do the best we can to settle it.’’ It is a 
life, and finally the nervous .system and the circulation can no longei 

together meet the strain, and the patient has angina. . , 

"We call a syndrome essential angina pectoris, or essential hyper- 
tension. or nervous indigestion, but in reality it can be explained on 
the basis of the spasm of muscle in difterent .systems dependent not 
primarily upon an organic or ccdhilar pathology oi; that system, but 
rather upon the spasmodic aptitude and con.stitntion of the individual. 
As is the gear of the nervous system, so is the iirescnce or abscuice of 
spasm. “When I look back over the patients 1 have seen sutlcniiig 
Avith the benign anginas, it has generally been true that they havc 
liad other spasms.” (Houston.) A u.sefiil illustration that affords 
rich analogies is congenital pyloric spasm and stenosis in infants, and 
particularly in the latter. It has as pure a functional ]>athogenesis 
as we knoAY, and occurs before individual habits and mental processes 
can have little, if any, influence. On the other hand, its presence or 
absence should be indicative of the spasmogenic aptitude character- 
istic of the race or tribe to which the newborn belongs. Its occurrence 
may be a mea.snre of the racial gear, and points towards the sjmsmo- 
genic trend. Among 24,000 Chinese patients analyzed for Houston in 
The Peking Union Medical College, only one per thousand sufVered 
from evidence of .spasm of nnstriped muscle. Tliere was only one. 
case of pylorospasm in a premature infant, not one of stenosis, and 
only eight in adults, that could be called functional. It is to be re- 
membered that the Chinese in their own country do not have either 
.essential angina or essential hypertension. Pyloric stenosis involves 
smooth muscle, and partakes of the nature of the “.spasmodics” as 
Heberden said of angina. Jacobson’s-' studies afford evidence that 
muscular activities are an index of the activities of the nervous .sy.s- 
tem,” and this applies to smooth as well as to striped muscle. Fur- 
ther, the tonus of smooth muscle seems to influeuce striped muscle 
and vice versa. The tonus of .skeletal muscles is increased with the 
gastric hunger contractions of smooth muscle. Pacial suseeptibilitv 

H. anes Eobovts-. with fte stltisHcs fi™ podi; 
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atric services in Atlanta. The Grady Hospital receives only white 
children ; tlie Emory Grady only negro children ; and the Eggleston 
Memorial receives only white childi'en. 

Gradj' Hospital, Tn-Patient. — 5400 white children in 7 years. Py- 
loric stenosis, 6 cases. 

Emory Grady Hospital, Ont-Patient.— 13,248 negro children in 10 

years. Pyloric stenosis, no case. Py- 
loric siiasm, 5 cases, two in infants al- 
most white in color ; of the other three 
only one vomited enough to be classed 
as a true i^l'lorosiiasm. Complexion 
imknown. 

In-Patient. — 3,439 negro children in 10 
years. Pyloric stenosis, no case. Py- 
loric .spasm, no ease. 

Eggleston Memorial. 2228 white children in 3 years. Pyloric steno- 
sis, 8 eases. Pyloric spa.sm, 8 eases. 

The pediatrician classifies pyloric stenosis as a disease of modern 
times with a notable increase in the number of cases in the last thirty 
years. The internist can bear witness to the increase in the number 
of eases of angina, hypertension, and nervous indigestion among the 
white races of ‘Western Europe and North America. These two wit- 
nesses bear witness to the strange rarity of these three conditions in the 
negro and the Chinese. The psychology of stress, strain and sti’uggle in 
the wliite I'aces is in sharp contrast to the humorous carelessness of the 
musical negro or the placid acceptance of the gentle Chinaman. The 
white race talks of speed and records, domination and colonization, 
drives, rallies, sales and sales-i’esistance, estates, trusts and results, it 
increases its effort and income to gratify its desires, and then multi- 
plies its desires. We call it progress and western civilization. The 
Chinese and the negro accept and, perhaps far more than the white 
man, conquer both their spirits and their nervous systems. In this 
sense the white man’s burden is his nervous system. AVe have so far 
done very little either for angina or hypertension. AVe have been very 
gullible about angina. AA^e have viewed it with the credulit}’ of tra- 
dition and treated it with the fatuity of empiricism. There is an em- 
piricism in etiology as ivell as in therapeutics. The conception of the 
problem as one of racial susceptibility intimates how limited our 
studies have been. Perhaps when we realize the tremendous power 
of nervous and mental influences to i^roduce the anginal state as Avell 
as the anginal attack, we shall be stimulated to accent the former 
rather than the latter, and at first at least look for the cause of both 
in a personality pathology. Then we may accomplish more for the 
patient. Spasm is a very old-fashioned word. Personality j^athology 
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may take much deep and tactful wadin{r. The patient is fai iiu e 
than a mere body of tissues and oi^miis. The nervous system and the 
ndurl with their trains of emotions and instincts, may <rive a vel•.^ 


mind, with their 
real etiology. 
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CONTRIBUTORY FACTORS IN CORONARY OCCLTJSION^^ 

Drew Luten, M.D. 

St. Louis, Mo. 

I N ALMOST every instance the ultimate cause of occlusion of a 
coronary artery is sclerosis of the vessel wall A -- endarteritis 
obliterans and embolism constituting but rare exceptions to this gen- 
eral rule. Whitten" finds that the arterial branches supplying the 
left ventricle leave the main stem at right angles and pass directly 
through the musculature, while those to the right ventricle enter the 
muscle more obliquely. He believes that this different relationship 
explains the more frequent oecuiTenee of thrombosis in the left ven- 
tricle, kinking and consequent vessel wall changes in the main stem 
being promoted there by the anchoiung effect of the branches. This, 
however, does not explain the presence of sclerosis in the arteries sup- 
plying the left ventricle of one patient and its absence in those of 
another. When the causes of arteriosclerosis in general and of coro- 
nary sclerosis in particular have been discovered, obviously those fac- 
tors which contribute to sclerosis will be recognized as important 
contributory factors in coronaiy occlusion, but at present they can- 
not be evaluated. Whatever its ultimate cause, it is clear that once 
coronary sclerosis has been established secondaiy factors frequently 
contribute to produce thrombosis. The incidence of occlusion does 
not parallel the extent of coronary sclerosis. ]\Iany patients with ex- 
tensive vessel change never experience clinical occlusion. Occlusion 
occurs, on the other hand, in individuals showing little evidence of 
coronaiy disease. 

Careful study of case reports offers, perhaps, the best means of 
determining precipitating causes and of evaluating their relative im- 
portance. Published reports, however, liaving been concerned par- 
ticularly with the clinical manifestations and the course of occlusion, 
too often unfortunately, furnish an incomplete history of the patient 
and omit details attending the onset of thrombosis. This defect ap- 
plies also to my own records, so that in reviewing them together with 
published cases it has been impossible to tabulate completely all data 
that might bear on the problem. Certain findings, however, appear 
to be significant. 

Helaiionship to Infection . — The notion has long been widespread 
that infection in some way predisposes to occlusion. Opinion at 

*Re.id before the American Heart Association at Phiiadelpiiia, Pa., June 4, 1931. 
Prom the Department of Medicine, Washington University School of Medicine, and 
the Barnes Hospital. 
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,, 1 -cseiit is not oltogctlier in agreement ni>on tl.o "'"''''r; 

lenoit lav"c series ol eases liml little evicleiiee that intcelion, ^ 

aente or etaonie. eont.il., itos to,va.-cl ,..-eeipita(i.,g tl.ro,..l.os.s, except 

in rare instances.'^’ " 

EelatMp io Aiujina Fcc1ons.-On<^ relationship 
ent. Most patients n-ith coronary thromliosis have 1 ad atladvS 1 
pain conforming more or less typically to angina iioelons ^ Of Ini- 
kiuson and Bedford V patients only 38 per cent liad had no pio- 
vions angina.” Levine'-^ states that the “great nuuonty of patients 
had definite angina pectoris antedating the atiaelc. ' The close etio- 
logical relationship between coronary occlusion and angina rs iurthcr 
evidenced by the high incidence of oechision in patients with angina. 
This is given by 'lYhite^ as more than 26 per cent. Even though it 
may appear that attacks of angina upon occasion may be produced 
by causes other than arterial/' the evidence aecunudates that anoxemia 
of heart muscle resulting from deficient circulation is the basic lac- 
tor in the vast majority of ca.sc.s. Evidence becomes inerca.singly 
impressive also, that in most iiistanee.s thi.s defieieney of the circula- 
tion results from coronary sclerosis. 

So far the relationship between oechision and angina pectoris is 
referred to the ultimate cause of tlic two pheuomoua rather than to 
the precipitating causes of occlusion. It is well known tliat the. pre- 
cipitating causes differ. But this very difference between the fac- 
tors Avhich prcei]iitate thrombosis in a sclerosed coronary artery and 
factors wliich produce a temporary insuffieieney of tlie circulation in 
such arteries, throws much light upon the iiiechaiiisin of thvomhosis 
and indicates certain contribiitovy factors in its oeenrrence. 

Factors in the Production of Pain, in Anrjiua. — Tlic mechanism by 
wliieh pain results from inadequacy of coronary flow is not a proper 
concern of this paper. It must be kept in mind, however, tliat circu- 
latory iiisiifficiciiey may be absolute or relative, its duration variable. 
So far as anoxemia is concerned, traiKsient dimimilion of blood sii])- 
ply ivoiikl produce the same result as temporary increase in demand 
for oxygen. The .same result, indeed, would be produced by increase 
both in demand and in coronary flow provided the increase in blood 
flow did not keep pace with the demand. Any factor, therefore which 
either increases the need of heart muscle for blood or dimini.siies the 
coronary flow might produce pain. Anything wliich increases coro- 
nal j flow but which at the same time increases more the demand for 
oxygen might also produce pain. 

Factors ni the Production of Thromtwsis.—Excein in cases of emho 

Possible contributory factors aro- i . • 

a..a (b) d,a.,ge i.. ti.e character of fc /i ' f 

arteries, therefore mv i • i scleiosed coroiiarv 

, .ie.eloic, a..y ,„fluc„oc which might lease, coronary flow or 
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anything which might change the blood itself so as to make it more 
easily coagulable might conceivably precipitate occlusion. Mere in- 
crease in need for oxygen unaccompanied by diminution of coronary 
flow, however, does not favor occlusion, nor does increased oxygen 
want when accompanied by increased coronary flow; both of which 
effects maj^ produce angina. Since embolism is a rare cause of coro- 
nary occlusion and since lesions of the intima are almost invariably 
present in patients who experience this accident, study of contribu- 
tory factors in coronary thrombosis becomes essentially a study of 
those factors wliich diminish coronary circulation and of factors which 
miglit make the blood more readily coagulable. Review of case re- 
ports reveals little evidence suggesting such blood changes. But it 
does reveal evidence of factors Avhich lessen coronary flow. 

Control of the Coronary Circulation. — ^Anrep and SegalB find that 
in the denervated heart coronary blood flow is regulated entirely by 
the mearr level of arterial pressure, principally by the diastolic level. 
As diastolic irressure rises coronary flow increases, and vice versa. 
Irr the enervated heart, however, eharrge in diastolic pressure, while 
important, is not the only factor regulating coronary flow. In the 
heart-lung-brain preparation the flow varies also Avith variation in 
cardiac output. It is independent of strength of contraction. This 
A’-ariation in coronary floAV Avith systolic discharge Anrep and Segall 
attribute to a reflex mechanism through the A’^agus. When the A'^agi 
are cut, Amlurne Aoav no longer varies Avith change irr orrtput. Stimula- 
tiorr of the peripheral errd of either vagus then diminishes coronary 
flow. These arrthors reach the eonclusioir that constrictor fibres are 
carried by the A'agus, dilators by the sympathetics. The rich vagus 
arrd sympathetic irerve supply to the coronaries has been beautifully 
demonstrated by Woolard.® SegalB and Cruickshank^® both state 
that this reflex dilatatiorr of the coronaries Avith increase in systolic 
output plays an important part in adapting the heart to the necessity 
of increased work. 

Possible factors in the diminution of coronary Aoaa^, then, are the 
folloAving: (a) lowerirrg of diastolic pressure, (b) lessening of cardiac 
output, and (c) coronary constriction by vagus stimrdation. Any 
circirmstauce Avhieh might be suspected of contributing toward coro- 
narj^ thrombosis, must be examined particularly Avith reference to 
the probability of its producing any of these effects. 

Circumstances Attending the Onset of Thronilosis. — The initial eAu- 
denees of coronary thrombosis rarely appear during unusual effort or 
excitement, circumstances Avlrich characteristically produce angina. 
Details of onset are given irr only 81 cases of Parkirrson and Bedford ’s 
series. In none was urrusual exei’tion recorded. In a little more than 
40 per cent the pain began AAdrile the patient Avas asleep or in bed, 
“often in the early hours of the morning,” and in 32 per cent more 
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there was no relationship to CKortion. In the remaining 27 per cent 
it began during exertion, but in no instance was the cxcrt.on 

usual form. . 

This almost invariable absence of effort in the onset ot 
and its conspienous association with rest cannot Iiul to be sigmfleaut. 
By far the most common circumstance of onset is during sleep, pai- 
ticularly in the early morning. This is precisely when diasto ic pres- 
sure is lowest and systolic output smallest. Grollmau finds that the 
blood pressure (both systolic and diastolic) and the cardiac output in 
sleeping subjects fall progressively until about 4 A. u. AVhethcr 
this is due to the prolonged rest or to the low phase of a diunial 
I’hythm, he does not attempt to say. 

Lowering of the diastolic pressure as the precipitating cause ol 
occlusion is strongly suggested in the following case: 


A ■woman 45 years of ago was examined before operation, not bccau.se of anj 
suspicion of abnormality of tlic circulatory system, but as a routine prcliinin.'ir\ . 
Aside from a blood pressure of IGO mm. systolic and 90 mm. diastolic nothing to 
attract attention was observed. Just before operation morphine, gr. Yt, was ad- 
ministered, and a few hours Later this was repeated. A widcsprc.ad urticaria 
rapidly appeared, a result which, it subsequently developed, had previously followed 
morphine administration. Her blood pres.surc had fallen conspicuously before the 
second dose and after that there was a further decline. Por seventeen hours fre- 
quent readings showed a variation of the diastolic pressure between 30 and 50 mm. 
A few days later she began to complain of substcrnal pain. Tlierc was a rise of 
fever, a moderate leucocytosis and a secondary drop in blood pressure. The cloclro- 
cardiogram showed a deep Q-wavc in Tjcad III with a plateau typo of T-wavo, 
features which changed in subsequent records. The interpretation was as follows: 
Thrombosis of a small coronary artery induced by .slow coronary blood How incident 
to the prolonged low level of diastolic pressure. 


Opposing Factors in Thrombosis and Angina . — Just a.s loweiuug tlic 
level of dia.stolic pressure and lessening cardiac output, by diminish- 
ing coronary flow, must he regarded as important factors in precipitat- 
ing thrombosis in the case of an individual with sclerosed coronaries, 
so in the same individual those influences which raise diastolic ])re.s- 
sure and increase sj’-stolic output, thus increasing coronary flow, must, 
be considered as lessening the probability of thrombosis. Exertion and 
excitement are such factors. But while iucreasiug coronary circulation 
they also increase the need for it, and in individuals with coronary 
sclerosis the heart muscle may still bo inadequately supplied with blood. 

A patient with coronary di, sea.se, therefore, gets angina with exertion, 
thrombosis while at rest. 

It lias been noted by many observers that coronary oceliisiou and 
hi.mhosjs in other arteries as well, is relatively frequent in mti ts 
n the later steges of heart failure. Most authorities believe tl.at svs 
ohe output is diinmished in this condition. The enfoveod ros) on 
Mutes toward the sa^e result. Although it is „„ssiWM,::? ofcr T" 


?ie- 
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tors promote tlirombosis iu heart failure, it appears tliat diminution in 
coi'onary flow is a contributory influence. 

Vascoconsiriciion. — The i-emaining factor which has been shown ex- 
perimentally to impede • coronary circulation is vasoconstriction. 
Wliether or not it is a clinical factor must at present constitute a 
theoretical problem. If reflex coronary constriction occurs clinically, 
in eases with i7n])aired coronary circulation the constriction might cause 
angina, or the coronary lesion might be so extensive that the added fac- 
tor of constriction somewhere in the arterial tree might be sufficient to 
prcci])ita1e thi-ombosis. There i.s much suggestive evidence that it pro- 
duces these effects. Segall® believes that “coronary artery spasm due 
to central or reflex .stimulation of the vasoconstrictor mechanism must 
be seriously considei'cd and studied as a possible cause of certain types 
of angina pectoris.” This is no new conception. Mackenzie^- says: 
“That angina pectoris is the oiiteome of a stimulation of the central 
nervous sy.stem is so manifest that it needs no comment.” 

The evidence that the precipitating cause both of angina and of 
thrombosis frequently is referable to the gastrointestinal tract is im- 
])re.ssive. In case re])orts of both, references to indigestion and to the 
I'clationshij) of onset to the preceding meal are conspicuous. Walking, 
imrticularly “after a meal,” receives special mention by Mackenzie and 
by IMcCb’ca,*' and by many others as a common cause of angina. 
I'lamman’-' says: “Patients with angina pectoris mostly ascribe their 
symptoms to indigestion and tell in detail how abdominal 4istcntion 
precipitates the pain, Avhich quickly disappears as gas is eructated.” 
It can hardly be fortuitous that similar references appear in com- 
ments upon thrombosis. Levine- says that “it frequently occurs during 
rest, Avhile sitting quietly in a chair at a dinner table , or during sleep.” 
Parkinson and Bedford* state that “many patients are aroused from 
sleep by pain, or are seized Avith it AA’hilc sitting quietly at rest, after a 
mcaP ...” Of the eight eases reported by Werley** such references 
occur in six. In tAVO ca.ses the patient “ate heaA'ily” during the 7neal 
before the attack. Li another, the attack occurred “ji7st after lunch.” 
A 7 iother patie7it died suddenly “after supper.” 

None of these authors specifically 7-efcrs the 077set of occlusio77 in 
any case to the gastrointestinal tract ; yet each meutioi7s digestion or di- 
gestive distui’bance, and by inference each has been i7npressed by possi- 
ble relationship betAA'een gastroi7itestional i7ifluenees and the develop7nent 
of thrombosis. This suggestio7i has arisen ti7ne and again in 7ny oav71 
cases. In many instances the patient has attiibuted his attack to a 
]7ai’ticnlar article of food, to a 7nidnight supper or to long standing in- 
digestion. The matter can hardly be dis7nissed Avith the obsei'Amtion 
that the subjective se7isatio7is in oeclusio7i are similar to those produced 


‘Italics — mine. 
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fusion exists. „tv ilrtw 

If o-astrointestinal voilexes ujuni oeeasion do ]es.scn c • . 
cnoudrto cause angina or to proeipit ate occlusion, vasoeons InclKUi nn . 
be regarded as t he irsponsible mecliani.sm. Altlunigli ve ^ 

constriction has been demonstrated, and by the authors ‘ 

is thought to induce angina; and although evidenco ns piescntcd in 
ea.se reports that gastrointestinal reflexe.s may iireciintate both angina 
and thrombosis in this u’ay, direct, proof that coronary constriction may 
actually result from visceral .stimuli appear.s to be lacklng^ Other 
cardiac effects, lion-ever, are known to be so ])roduced. 4'lia1 irrepilar- 
ities so arise has long been the eondusion ot clinical experience. 1 earen 
and Howard’-' produced extra.sy.stoles and changes in tin* ventricular 
complex by visceral stimulation in dogs, the ajiparcnt jiatbway being 
via the sympathetics. Hewlett"’ attributes *• vagus slowing of the heart 
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Fig. 1. — Electroc.irdiopr.’un.'? of tlio ))ritlfnl in Cn.^o ]. Al tiif loft Is tlin rncofil 
ni.aclo by Dr. Fuller in Auaii.st, followiiifr tlic Jittuel;. At llie rljilit Is tin; icrciril 

nvulo in X^ovenibor, 1!)29. 


to reflexes that arise from the abdominal viseera.” Whiitevor the re- 
flex path, it would appear that gastroiiito.stinal stimuli as the jirecipitat- 
ing cause of coronary occlusion must bo carefully considered. 

Cold . — Pressure upon the heart through the diaphragm by a dis- 
tended viscus has long been suspected of producing certain cardiac 
effects. Pearcy and Howard’” ])rc.senl. evidence tlmt these effects result 
from reflex stimuli rather tliaii from displacement. Auotlier direct 
factor, however, must ho considered, i.e., cold. In two of our case.s the 
evidences of occlusion immediately followed tlio drinking of cold lluid^ 


Case 1. A man 45 years of age, in good Jiealth, in August, 302!) was '())out to 
.start on an automobile, trip. Jle drank several glasses of iec watcr’and betran t.> 
belch, to oget his breatb hard,” and to c.yporienec a sensation in the ehest whieh 
he found It hard to describe. Dr. James T. Fuller, who was called, n.adc db, gnosis 

of coronary occlmsion, and treated him on that basis -V m,rt of H.n i 

gram made by Dr. Fuller at the thno is shown at the lea of Fig 3 
eo,.fi6.rah«„ Leajs I a.„, m j, i"' .lio.v,, t, „c 
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filiision involving the apex or anterior part of the left ventricle. In our record of 
November 2!), Ifl2n, shown at the right of Fig. 1, changes have occurred. The 
patient at the time of the second record was quite ivell. He had had occasional 
sensations in the left chest and had noted a few extrasystoles, but has since been 
in good health. 

Case II. A man of 55 years had always been in good health. Frequent exam- 
inations for insurance had disclosed nothing of importance. In July, 1930, while 
driving in an automobile early one evening lie drank a cold beverage and began to 
experience “heart burn.” After about twenty minutes there was severe pain in the 
upper mid portion of his chest, down both arms and into the neck and right shoulder. 
There was profuse sweating, dj'spnea and slight nausea. "When examined a few 
hours later, ho was pale and was still in severe pain. The heart action was rather 
slow and there was an irregularity which appeared to be of sinus origin. There 
was no fever. The blood pressure was 140/8.5 mm. There were no abnormal signs 
on examination of the lungs and abdomen. Morphine sulphate, gr. %, gave con- 
siderable but not quite complete relief, and next morning he still had some pain. 
The blood pressure then was 110/70 mm. and the mouth temperature ivas 99.1°. A 



Fig-. 2. — Electrocardiograms of the patient in Case 2. The record made one day 
after the attack is shoivn at the left. That at the right was made seven days after 
the attack. 


few days" later he again experienced some pain for a short time. After that recovery 
was uninterrupted and except for a feeling of weakness there were no symptoms. 
Fig. 2 shows the difEerences in electrocardiograms made one and seven days after 
the attack respectively. The change in the T-waves of the first and third leads was 
further accentuated in a later record. The patient has since remained quite well. 

It cannot be proved that the occurrence of coronary occlusion with 
the ingestion of cold fluid in these two cases was other than a coin- 
cidence, but in both cases the suspicion of cause and effect must be 
great. If cold in the stomach precipitated the occlusion, two possi- 
bilities must be considered, (a) reflex coronary constriction and (b) the 
direct effect of cold upon the heart. 

The Direct Effect of doM.— Wilson and Finch"' observed inversion 
of the T-waves in Lead III of the electrocardiogram in men after drinlc- 
ing three glasses of iced water. X-ray pictures showed that the in- 





44 


THE AMEKICAX HEART JOURXAL 


12. Mackenzie, Sir Jas. : Heart Pain, Oxford Med., Oxford University Press, 

2: 43.5, 1920. 

13. Hamman, Louis: The Symptoms of Coroiuirv Occlusion, Johns Hopkins Hosp. 

BuU. 38: 273, 192G. 

14. Werley, G. : Cardiac Infarct and Coronarv Sclerosis, Texas State J. Med. 

21: 428, 192.5. 

1 ~). Pearcy, J. P., and Howard, Helen; Studies on the Visceral Hervous System. 
XIII. Ketiexes from the Peritoneal Viscera to the Heart, Air. Heart J. 
2: 530, 1927. 

IG. Hewlett, A. "W. ; Pathological Phvsiologv, Xew York, 1923, p. 60, D. Appleton 
Co. 

17. Wilson, Frank X., and Finch, Eussell: The Effect of Drinking Iced Water 
Upon the Form of the T-wave of the Electrocardiogram, Heart 10: 275, 
1923. 

15. Smith, F. M.: Further Observations on the T-wave of the Electrocardiogram 

of the Dog Following Ligation of the Coronary Arteries, Arch. Int. Med. 25; 
673, 1920. 

19. Otto, Harold L.: The Action of Cold Upon the T-wave of the Electrocardio- 

gram, J. Lab. & Clin. lUed. 14: 718, 1929. 

20. Anrep, G. V., and Hausler, H.: The Coronary Circulation. 11. The Effect 

of Changes of Temperature and of Heart Fate, J. Physiol. 67: 299, 1929. 


46 


THE A2IERICAN' HEART JOURNAE 


Wearii’s belief that those agencies which lead to arteriosclerosis pre- 
sumably play a more or less indirect I’ole in causing cardiac infarction, 
lhayer' pauses in liis bus.y life to reflect on angina pectoins, but does 
not do more than stress the prognosis and treatment of this particular 
condition, without mentioning coronary occlusion, lliesman,® writing 
in the same year in the Medical Clinics of North America, reports upon 
the first cases we can find in ivliich there was some attention paid to 
the familial incidence of the disease. He states, however, “As for the 
etiologj" of coronary thrombosis, it coincides with that of coronary 
sclerosis, and about that we luiow all too little. Syphilis is not a 
factor of importance, but tobacco is ” 

Gordinier,® in a report of thii-teen eases, mentions only one ease, 
Case 3, in which there was auj' familj’ histoiy of importance. In this 
particular instance he states that four brothers died of angina pec- 
toris, all of whom apparently died as a result of occlusion of the 
coronary artery. Christian's article one year later (1925)^® does not 
mention the etiology and does not detail case histories in the TO eases 
that he reviewed. One feature is of interest in this paper, however, 
in conjunction with our later discussion of the etiology of the condi- 
tion, namely that there were 32 patients that were under 60 years of 
age who died a coronary death. In 1926 Hamman” discusses the 
antecedeiits of patients who have coronary occlusion. He states that 
occupation, habits, station in life have no direct bearing upon the 
condition, but that coronary disease is particularly common to men 
of intellectual habits and to men who have held positions of responsi- 
bility and importance. He rather accentuates the concept that those 
who are intellectually alert are more keenly sensitive to pain than the 
so-called lower classes, although the dramatic manifestations of coro- 
nary occlusion occur equally often in all. 

In 1927 Prothingham^' gives the details of a case of coronary throm- 
bosis which was of interest because it occurred in a relatively young 
man who had no previous indications that he was a sufferer from vas- 
cular disease. Here we have direct evidence of familial tendency of 
the disease because in this patient the story goes that his father died 
at the age of 64 of what was undoubtedly coronary thrombosis, al- 
though at the time it was called acute indige,stion. Greenbei’g^® 
writes entertainingly of the causation of coronary disease. “Fasci- 
nating as it is, to speculate about the cause for things in general, the 
carrse of this disease is no better larowrr tharr the cause for arterio- 
sclerosis elsewhere hr the body. Of the irsually nrerrtioired causes, 
fairlty diet, focal infectiorr, alirrrentary toxic products, metabolic waste 
products may be dismissed as platitudes. It is possible that hereditary 
hrfltrerrees play a irot rrrrirrrportairt role especially under tire strairr and 
stress of moderir life. Syphilis, diabetes, arnorrg the elrrorric diseases 
cairnot be entirely disrrrissed as contributing factors. Experimerrts 
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^Yith bacterial toxins have yielded no positive resuHs. 
luaiutaiu an open mind as to the cause oi Hus disease until bettu 

proof is adduced.” 

It will be observed that the factor of heredity is be-inuiu- to be 
recognized by authors who are reporting upon coronary occlusion. 
Barker/-* writing the latter part of this same year, says that undoub - 
edly there are certain families of certain races who are more subject 
to coronary thrombosis than others, lie calls attention to the fact 
that the Irish people are relatively free from angina pectoris and 
coronary occlusion as contrasted with the English, stating that pos- 
sibly diet, which has been held accountable in the past for this racial 
difference, may not play as important a role as inherited racial pre- 
disposition. Although articles appearing in periodicals had begun to 
stress this factor of familial incidence of the disoa.se, two books on 
diseases of the heart which came out in 192") and 192(5, respectively, 
one by Cabot, the other by Vaquez, make no mention of familial inci- 
dence of coronary obstruction. Christian*-”’ in the following year, in 
discussing the etiology of coronary infarction, mentions that there is 
often an arteritis of inflammatory nature, .sometimes caused by syphi- 
lis and at other times by bacterial infeetion, stating that he believes 
that arteritis of infectious diseases may iilay an important causal role 
in eases of infarction as expressed in younger individuals. 

The growing appreciation of the important factor of heredity in the 
production of coronary occlusion is exemplified by conelusion 5 of the 
summary from Levine and Brown ’.s*" splendid monograph on coronary 
thrombosis. They state that hereditary factors, although extremely 
difficult to analyze, were found to be most important, especially in 
those patients who have coronary thrombosis at a comparatively 
.young age. Possibly as a part of the hereditary factor there seems to 
be a certain type of individual who is more apt to develop the disease. 
They state, furthermore, that “arteriosclerosis is a very rare finding 
and in some it was limited to the coronaiy ai'teries.” Also they com- 
ment upon the rarity with which syphilis may appeal* in relationship 
to the condition and likewise the etiologic insignificance of other in- 
fectious diseases. 

Wilson*’ wrote last year on angina pectoris and coronary thrombo- 
sis as observed in 93 patients. As he expresses the difference between 
the two conditions, coronaiT thrombosis may be the most severe ex- 
pression of angina pectoris. In the etiology, infection seems to plav 
an important part, syphilis not so important, while “a familial tend- 
ency may also be in evidence ” 


iddence. ' 

Two recent articles in English literature arc of 


exceedingly perti- 


imnt interest in relationship to our present thenie-that coronary arte- 
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S wiite that their subsequent report is presented largely with 
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the liope of eliciting from family practitioners iiotes of similar eases. 
Ill the present instance they report the death of a father at the age of 
42, ivho died .suddenly and ivhose two brothers likewise died sudden 
deaths— one at the age of 30 and the other at the age of 31, one of 
whom came to autopsy and was found to have atheroma of the coro- 
nary arteries. The third brother died .suddeulj* a month after physi- 
cal examination, lu this case there was the story of anginal pains, 
although the physical examination, including x-ray of the heart, was 
normal. Perijiheral arterie.s were not thickened and the blood pres- 
snre was 120/70 mm. The electrocardiogram, hoAvever, showed the 
changes of coronary arterial disease. The authors state that the path- 
ological process explaining the death of the patient was a premature 
senility of the arterial tree, in this particular instance in the coronary 
arteries, without any evidence of an infective factor. The second 
paper, by Coombs,^'' has some statements with v’hich we are thor- 
oughly in agreement. “The familial incidence of angina pectoris is 
Avell Imown.” He mentions a family of father and four children, all 
of Avhom died of coronary disease. In his present series of cases he 
mentions instances of cardiac infarction in udiicli “there ivere two 
pairs of near relatives. One of these pairs consisted of father and 
son.” Particularly .striking to us are these statements: “There are 
two po.ssible interpretations of this familial incidence. One is that it 
is nothing more than an example of the Avell-known liability of cer- 
tain families to arterial degeneration, a liability which is apt to be 
particular as well as general since it includes a predilection for cer- 
tain vessels. For example, there are families whose members all die 
of cerebral hemorihage. Another suggestion is that aberrations of 
the coronary arteries Avhich, as Hadfield has pointed out, may throAV 
an undue measure of responsibility on the one trunk, may run in 
families.” Coombs concludes, furthermore, that of the thz’ee great in- 
fective diseases of the heart, none of them excites the coronary syn- 
drome except extremely rarely. Cardiac infarction, for example, in 
eai’diae syphilis, was observed only once in 88 cases. 

The latest book on heart disease, that of Paul D. White,-” in dis- 
cussing the etiology of coronary disease and coronary thrombosis, 
states that faulty metabolism, overwork, high protein diet, infection 
and heredity are among the many factors suggested, but none has 
been proved or even consistently found. Farther doivn in the same 
paragraph he states that the influence of heredity is supported bt 
the freciuent finding of several members of a family with eoronam 
sclerosis. • 

Prom the rcA-iew of articles vdiicli have mention in them of the eti- 
ology of coronary disease and from the revieAv of other articles wdiieh 
are by men of reputation and authority, it is eAudent that heredity is 
coming to be looked upon as a rather important factor in the etiology 
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We have called attention to the observation of 


are lieartily in accord with his conception, tliat aber- 


of coronary occlusion ; tlie one, tiie occuisiuu nuu ... 

viduals, which is merely part and parcel of the -general syndrome of 
arteriosclerosis and in which those various indefinite, a ague and ii 


of coronary disease. 

Coombs, and we are - 

rations of the coronary arteries may throw an undue measure ot 

responsibility on the one trunk and that these abnormalities may run 
in families. We believe that there exist two distinct clinical divisions 
of coronary occlusion; the one, the occlusion that occiire in old nidi- 

vi 

an 

regular pathogenetic factors operate which are presumably respon- 
sible for the arteriosclerosis which exhibits a general sclerosis oi all 
the vessels of the body. On the other hand, there exists a certain 
group of individuals who die at a relatively early age oi coronar,! 
occlusion. These individuals do not have hypertensive heart disease 
or at most have a relatively slight rise in systolic and diastolic blood 
pressure. They have not had arteriosclerotic heart disease as ordi- 
narily conceived, nor peripheral arteriosclerosis, bnt they do jmssess 
a pecnliar liability for degenerative clianges in the coronary vessels 
and they show a pecnliar and marked familial tendency to sudden 
death, which death, of course, occurs presumably as a residt of the 
cardiovascular acciclout of coronary occlusion. It i.s in Ihi.s lyjie of 
individual, as we have indicated several times in our review of the 
literature, that this catastroiihe occurs when they are under GO years 
of age; usually they are people who have always had exeolleut health, 
who have never had sypliilis or rheumatic fever or other severe infec- 
tion and who have led active, bu.sy lives. 

In substantiation of onr conception of this rather sharply defined 
division of types of arterial occlusion, avo Avould snhmit a brief ac- 
count of the family history of IMr. W. : 

This patient died in the fifth decade of life. He had ahvays heeu 
an active, hard-AA'orking, ]}rofe.ssioual man. free fi'om illness, Avitit a 
blood pressure that averaged 130 to 140 mm. systolic, and avIio had no 
eAudence AAdiatsocA^er of peripheral arteriosclerosis. Abrupt death AA’as 
preceded by about six mouths of angina-like attacks. Death Avas rela- 
tiA'^ely sudden and at autopsy the explanation Avas as obA’ions as the 
clinical syndrome; there Avas a lai’ge area of recent infarction in the 
cardiac musculature. The father of this man died as a result of 
sudden heart failure. He likewise had been an active, mental and 
Jfiiysical worker.^ He died at the age of 55 years, folloAving a sudden 
mart attack. ^ His first cousin once remoAmd, Aidio also Avas a profes- 
sional man. died Avhen he Avas slightly past 50 years of ago, likewise 
of Avhat was called then angina pectoris. Death was sudden Three 
cousins of the first patient also died in exactly the same wav-a sudden 
death, as far as we can find put in the several instances, with previous 
anginal attacks Aidiieh were followed by sudden death. All of these 
nidmduals. according to the accounts avo can get from present members 
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of the family, were strong, healthy, active individuals who had vexy 
inueli the same general habitus, slightly overweight, well set up, of 
short stature, and capable of prolonged and continuous mental and 
physical effort. These are the definite ixxstanees of sixdden death that 
xve have been able to obtain in this family liistoiy of Mr. W. There is 
no question as to these facts; but we can add, moi-eover, that fimm 
information fronx the relatives it is possible that other members of 
the famil}'- ixxay have had a coronary occlusion to cause their death, 
because two of the immediate forefathers of Mr. W., a grandfather 
and a gx'andunele, are said to have died sxxddexxly, but Ave could find 
no one who could defixiitely establish tliis fact other than through 
hearsay. 

Conchisions. — The thesis has been advanced that there are tAvo quite 
distinct expressioixs of eoronaxy occlusion. The oixe is obseiwed in 
elderly ixxdiA'idixals, jxossossoi’s of a Avell max’ked sclerosis of the ax’te- 
rial tree as a AA'hole axxd in aaOxoux the etiological factoi’s are those of 
ai'tex’iosclerosis ixi geixei'al and represexxt largely the effects of senes- 
ceixee. The other occurs in men, as a rule, not past the sixth decade 
of life Avlxo do not have generalized arteiaosclerosis, Avho may have 
relathml}'’ slight, but never exaggerated, hypertension, avIxo have been 
sixAgixlarly free from past infections and Avho often give a history of 
coronary oeelusioii in several membei’s of tlieir faxnily. 
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THE RED CELL SEDIMENTATION TOIE IN CORONARY 

OCCLUSION® 

:Mever a. Rabinowitz, M.D., Charles Shookhofp, M.D. 

Albert H. Douglas, M.D. 

Brooklyn’. N. Y. 

' I *HE seclimentatioii time i.s eommoiily u.sed a.s an index of the .sys- 
tematic reaction to infection. Up to the present it has been used 
in infections of ail sorts, but particularly in tuberculosis and in gyne- 
cological practice. Recently the rate of I’ed cell sedimentation has 
been stressed as an index of activity in rheumatic fever. 

Lbhr^ .studied the sedimentation time as an index of the general 
body reactions during the healing of noninfected v'ounds and wound- 
healing following operative procedures which were not made neces- 
sary^ by infection. He .studied also the sedimentation time in uncom- 
plicated fractures. He found the sedimentation time definitely^ low- 
ered after all operative procedures — clean as well as unclean — as well 
as after noninfected traumatic injuries; the sedimentation time per- 
sisted low for man.y days. These findings have been corroborated by 
Heusser- who attempts to exidain postoperative thrombus formation 
b.y blood changes of which the increased sedimentation rate is an index. 

Since not only infection.s, but absorptive necrotic processes due to 
trauma Avithout infection, cause a loAvering of the sedimentation time, 
Ave became interested in knoAving Avhether cardiac infarction second- 
ary’ to coronary' A’essel occlusion Avoukl cause similar changes in the 
sedimentation rate. 

In the majority' of patients Avitli an acute occlusion of a coronary , 
A'essel, sy'stemic manifestations dcA'clop cpiickly'. The most commonly 
noted are fcA^er and leucocy'tosis. These findings are stre.ssed in the 
diagnosis of an acute coronary' occlusion. They are, hoAVCA'er, of 
relath'ely short duration, occurring shortl.y after the insult and per- 
sisting only' for a relatiAmly^ short time. 

The sedimentation time has been found pathological in chronic in- 
fections eA^en though a normal temperature and blood count existed. 
It Avas noted after traumatic and postoperatHe noninfectious states, 
that the sedimentation time Avould remain Ioav for many da.A's after 
the original insult. WestergreiU states that the sedimentation time 
decreases a day^ or tAVo later than the temperature rise in the infec- 
tious states, and remains Ioav for tAvo or three Aveeks after the tem- 
perature, pulse and blood counts haAm returned to normal. 

*Froni the Carcliolog^ical Department of the .Tewi.^h Hospital of Brooklyn. 
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KABINOWrra, KT AT/. : 


SKDlAlliKTATlOX TiaiK I.V 


C’OIfOXAHY OIH'I/DSION 


5:$ 


These data, shotving that the lotve,- sedmtentat.on • 

somewhat later than the general signs ol aet/v.ty and pe. isIs n a 
appreeiahle time after suet, signs have abated, made n 
rapid sedimentation rate, it present, might be need in tl e ' 

of a corouavy ocehisioii in such patients as came to us u i • i • • . 

of an attack at a time when the leucocytosis, temperature and othei 


systemic manifestations had abated. 

' The test in itself has the value of simplicity and lends itself to 

ordinary bedside practice. _ . 4 - 

The literature contains many studies on the sedimentation time in 
infectious conditions, but nothing could be found on the red blood 
sedimentation rate in coronary occlusion. 


AIETHOn 

The technic used was that described by Innzenmeier'— 0.2 c.c. of 
5 per cent aqueous sohition of sodium citrate was ]Tlaced in a Ijinr.en- 
meier tube, 6.5 cm. high with a clear diameter of 0.5 cm. This tube 
was calibrated at 1 c.c.; 6, 12, 18, and 21 mm. Blood was di'awn in 
a dry hypodermic or tuberculin syringe from the median cubital vein 
and added up to the 1 c.c. mark; the tube was inverted twice, and 
then held vertically. The time taken for the blood cells to sediment 
to the 18 mm. mark was noted. 


SEDUrENTATIOK TISIE VAT/TJES IN XOUMAT/S AND IN INEJCC'J'IOU.S DISEASES 

Normal values for the sedimentation time by the technic described 
above have been definitely established. 'Waiigli,''’ Ness''* and others 
give the normal sedimentation time to the 24 mm. mark in adult males 
as 1200 to 1400 minutes; and for adult females 800 to 1000 minute.s. 
Bochuer and Wassing' give the normal values to the IS mm. mark as 
600 minutes or over. Schmitz and Schmitz® report an average sedi- 
mentation time in normal adults of about 360 minutes. They suggest 
that 60 minutes or lower may be regarded as definitely patliological. 
Baer and Eeis® feel that a sedimentation time of more than 120 
minutes is incompatible with pelvic infection. Polak and Tollefson^" 
take 90 minutes a.s a level, beloAv which they assume the presence of 
an inflammatory reaction. Numerous other investigators have found 
figures similar to those given above. One can safely lake 60 minutes 
to 120 minutes as an intermediary zone with values’ below 60 minutes 
as definitely abnormal, and values above 120 minutes as not patho- 
logical. From the studies of Loin- and Heusser'-^ it is seen that while 
. ie sedimentation time is not quite as rapid in the noninfectious post- 
operative or posttraumatie absorptive necrotic processes as in the in- 
tections, the same limits of normal may be used. 

Smoe eoronaij tlii-ombosis is more commonly n disease of advaiieetl 
sears, it is interesting to note the sedimentation time values for 
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elderly individuals as given by Low-Beerd^ This author reports that 
the sedimentation time increases with advancing yeai’s, but that minor 
infections decrease the sedimentation time more readily in elderly in- 
dividuals. 

While some investigators like Hunt” feel that the sedimentation 
test cannot be relied upon in eases of anemia, others have found that 
while the sedimentation time is influenced appreciably by variations 
in the blood cell volume, corrections can be made for such variations. 
Xo corrections for cell volume, howevei*, were necessary in this study 
because anemia ivas not present in tlie patients investigated. 

Below are px-esented repoi-ts of ten patients who showed the clinical 
and laboratory data necessary to justify the diagnosis of acute eoro- 
nary occlusion, in whom the red cell sedimentation rates were studied. 
Xo eases are included in this report in which there was any suspicion 
of the presence of a complicating factor which, like chronic or acute 
infections, embolic phenomena, etc., might influence the sedimentation 
I'ate. Cases I, II, IV, V, VIII and X were uncomplicated. Case III 
is a diabetic in whom no evidences of infection, either acute or chronic, 
were noted. Case VI gives a history’" of having had tuberculosis 
eighteen j'eai’s ago. There wei'e no findings indicative of active tuber- 
culosis, either on clinical or on roentgenological examination. Case 
VII gave a history of having had a gastric ulcex’, and having been 
operated on for a spinal cord tumor eight years pi’eviously. Post- 
mortem examination showed a healed calcified pulmonaiy tuberculosis 
and a healed gastric ulcer. Case IX had been operated on; an acute 
appendicitis was not found and fourteen days after the operative pro- 
cedure, the sedimentation time was still twentj'-five minutes. The 
operative procedure itself, therefore, cannot be the cause of this find- 
ing in this ease. Cases V and VII were fatal. Cases IV and VII 
were neeropsied and the diagnosis of an acute coronary occlusion and 
acute myomalacia coi’dis confirmed. . 

CASE REPORTS 

Case I. — M. S. Male; aged 35 years; truck driver. Admitted to the service of 
Dr. Eosenthal on November 20th, 1930. 

Five days prior to admission, vhile in the subway, patient was suddenly seized 
with severe snbsternal pressure, nausea and vomiting. He was treated by an 
ambulance surgeon and felt more comfortable in a short time; he still complained, 
however, of a pain of moderate severity in the left chest anteriorly, and a dry 
cough. These symptoms persisted to the time of admission. Family Eistory . — 
Negative. Past History. — ^Negative. No cardiac or respiratory symptoms prior to 
the onset of the present illness. Lues denied. 

Examination . — (Five days after the onset of the attack.) Eevealed a muscular, 
markedly hyposensitive adult male, in fair comfort. The only significant findings 
were cardiac. The heart percussed 12 cm. from midsternal line in the fifth space, 
had a rate of 70, and a normal rhythm. The first and second heart sounds were 
of equal intensity, distant, and of poor qtiality; A-2 was greater than P-2. No 
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murmurs or pericardial rub heard. No evidence of syphilis found. No- ev- 
idence of sclerosis in other peripheral vessel fields. Carotid sinus pressure caused 
a definite cardiac standstill. 

The electi’ocardiograni shows a regular sinus rhythm, ventricular rate of 65; a 
right axis de^uation with a sharp inversion of the T-1 and a high position of 
the E-T-1. In the second lead the T-wave is isoelectric. The main deflections are 
all slurred. 

The x-ray film suggested a ventricular aneurysm. 

All the laboratory data corroborated the clinical impression of a coronary oc- 
clusion. 

The laboratory data in this ease are presented in Table I. 


Table I 
Case I. M. S. 


MAXI- 

BLOOD 

BLOOD 

COUNT 

SEDIMENTA- 

MUM 

PR-F.SRTTRF. 

TION TIME 
TO 18 M.M. 

PULSE 

s. 

D. 


■ 

70 

110 

70 




86 






88 

115 

70 




88 



17,800 

82% 

15 min. 

68 

120 

70 

80 

95 

40 

15,600 

78% 

17 min. 

80 

90 

60 


88 



8,200 

64% 

22 min. 

76 

105 

70 


96 

100 

60 




86 






72 

86 



7,600 

77% 

45 min. 

80 

80 

100 

65 

i 

8,200 

66% 

60 min. 

72 


/ 




86 

86 

100 

65 

9,600 

71% 

60 min. 

80 

85 

50 




80 

78 





80 min. 

78 

120 

80 




70 






70 






68 






68 






70 

125 

80 




85 

170 

110 



150 min. 


DAY 

OF 

ILL- 

NESS 


O 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


4th 


DATE 


11/20/30 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

12/ 1/30 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

2/19/31 
21 


MAXI- 

MUM 

TEMP, 


1012 

lOl-f 

1012 

1014 

101 « 

100 

998 

992 

992 

992 

994 

998 

990 

99 

99 

992 

990 

994 

992 

990 

992 

990 

99 

998 

99 

988 

988 


REMARKS 


Closure on 
November 16, 
1930. 

Hemoglobin 
90%. i 
B.B.C. 
5,120,000. 
Blood Wasser- 
mann nega- 
tive. : 

Blood Kilm 
negative! ' 
Urine negative. 


Dr. Shookhoff on November ’isfiggo” ^ Admitted to the service 

anfdLLTs: '^irintTaS in ^-d tO'Pical attacks of angina of effc 
had a very severe attack of precordial min admission the pati^ 

for thirty-six hours and which was'nS relic P®^sis1 

ss. Patient had a marked pallor I^d t j f^troglycerine or by morphi 

Ni.forp.-Wife had two mTsl """" perspiration, 

childliood; otherwise negative. '^‘^^rnages and three children died in .,ea: 

2- neuritis of t 
or .tears. Hypertension for years. 
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Examinaiion . — ^Revealed an aslieii gray facies and an expression of severe pain. 
Tlie significant findings were cardiac. The iieart percussed enlarged to tlie left; 
apical impulse neither seen nor felt; pericardial rub audible; a s.ystolic blow over 
the aortic area and a loud systolic murmur at the apex, transmitted to the axilla, 
were lieard. The first sound was not audible. Carotid sinus pressure caused a 
definite slowing of the cardiac rate. Liver palpable two fingers below the costal 
margin and tender. Congestion rfiles at the base of both lungs. Definite thichening 
of the walls of the temporal and radial vessels were noted and eye-ground examina- 
tion showed a definite sclerosis of the retinal vessels. There were no evidences 
of disturbed kidney function. 

The electrocardiogram shows a regular sinus rh3’thm, ventricular rate of 100. 
T inverted in all leads. Left axis deviation. Electrocardiograms taken before this 
attack show a regular sinus rln-thm; left axis deviation; no T- or B-T wave ab- 
normalities. 

The laboratorj' data in this ease are presented in Table II. 

Table II 


Case II. A. J. L. 


DAT 

or 

ILL- 

XESS 

DATE 

jrAxr- 

MDil 

TEMP. 

UAXl- 

MUM 

PULSE 

BLOOD 

PRESSURE 

S. D. 

BLOOD 

COUNT 

SEDIMENTA- 
TION TIME 
TO 18 M.M. 

REJIARKTS 

W.B.C. 

> POLYS 


11/11/30 


1 

1 

190 

100 

(Seen at home) 


Closure on 

1st 

12 








November 12, 

2 

13 

100 

110 

140 

105 

20,600 

90% 

100 min. 

1930. 

3 

1 

1018 

104 

135 

95 




K.B.C. 

4 

15 

1020 

102 

110 

75 




5,300,000. 

5 

i 

lOOs 

1 98 

130 

85 

13,100 

79% 

13 min. 

Blood Wasser- 

6 

17 

101 

1 94 

125 

90 




mann nega- 

7 

1 18 

1000 

1 92 

120 

80 

10,500 

77% 

18 min. 

tive. 

8 

19 

100^ 

82 

130 

85 

1 



Blood Kalin 

9 

20 

100 

i 88 

130 

80 




negative. 

10 

21 

99 

86 






Urine negative. 

11 

22 

990 

88 

125 

80 

1 

1 




12 

i 23 

990 

90 



12,8001 

84% 

41 min. 


13 

1 24 

992 

80 

130 

70 





14 

25 

990 

90 

125 

80 



28 min. 


15 

1 26 

990- 

90 



1 




16 

I 27 

i 990 

88 

130 

80 

i 9,600 

78% 

27 min. 

i 

17 

28 

990 

88 







18 

29 

990 

88 

120 

90 

8,300 

78% 

43 min. 


19 

30 

998 

78 




i 



20 

12/ 1/30 

990 

96 




1 



21 

2 

990 

90 

125 

90 





22 

3 

1 1002 

84 







23 

4 

! 988 

86 





60 min. 



2/26/31 

i 






125 min. 



4/11/31 

(Admitted to Beekman 

St. Hosp. ) 

48 min. 




1 Mar. 5, 1931.) 



1 




Note. — Sedimentation Time on Feb. 26, was 125 min. In March, patient had 
another occlusion; vs-as treated at the Beekman St. Hospital for three "w^ks, ana 
the sedimentation of 48 min. was taken after he left the Beekman St. Hospital. 


Case m. J. G. Male; aged 49 years; clothing merchant. Admitted to the 
service of Dr. Eabinowitz on April 1, 1931. 

Four days prior to admission the patient developed severe pain in the substernal 
region, the'preeordium and both shoulders which persisted to the time of admission. 

Family Stsiory. — ^Negative. 
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Past FwtorT/.— Diabetes mcliitus of moderate seventy 
tion. No previous effort syndrome. in moderate distress. 

i;a:n.in«wtm)i..— Eevealed a some^vliat ysp quality. First sound 

Heart rate 115, regular. Heart soun s almost a complete standstill. Rales 

Jnltrarrd'Z^ impressiorr-coronary 

tlironil)osis. „;«,i £3 vGuti'iculur r<itG of 115. 

The electrocardiogram shows a regu ai tahe off of the T-wave aird a 

””The^laboratory data in this case are presented in Table III. 


Table III 
Case III. J- G- 


day 

OP 

ILTi- 

NESS 

DATE 

MAXI- 

AIUAI 

TEAIP. 

AIAXI- 

AtUAI 

PULSE 

BLOOD 

PRESSURE 

s. n. 

BLOOD I 

COUNT 

W.B.C. 

POLYS 

4th 

4/ 1/31 

101 

122 

95 

65 

10,500 

81% 

5 

2 

1010 

112 

125 

70 



6 

3 

lOOo 

110 

100 

72 



7 

4 

100-* 

98 

100 

60 



8 

5 

1000 

90 

112 

78 



9 

6 

990 

88 

120 

80 



10 

7 

990 

88 

105 

65 



11 

8 

992 

80 



11,500 

67% 

12 

9 

99^ 

1 96 

105 

63 



13 * 

10 

99 1 

82 

105 

60 



14 

11 

99 

80 





15 

12 

99S 

82 1 





16 

13 

992 

80 

108 

63 



17 

14 

990 

78 





18 

15 

992 

88 

110 

70 



19 

16 

998 

88 

105 

65 



20 

17 

99 

84 

110 

65 



21 

IS 

99 

86 





22 

19 

980 

86 





23 

20 

994 

80 

90 

6C 

1 


24 

21 

980 

88 





31 

28 








5/22/31 








sedimenta- 
tion TIALE 
TO 18 AI. Al- 


so min. 
18 min. 
IS min. 


25 min. 


30 min. 
So min. 


reaiakks 


Closure on 
March 28, 
1931. 

Hemoglobin 

85%. 

R.B.C. 

4,700,000. 

Blood Mhasser- 
mann nega- 
tive. 

Blood Kahn 
negative. 

Ur analysis: 
Sugar 6.5% 
to 0 

(4/11/31) ; 
acetone plus; 
diacetic acid 
plus; (nega- 
tive after 
4/11/31) ; 
albumin plus; 
blood sugar 
300 to 187. 


Case IV. J. L. Male; 67 years of age; steward. Admitted to the sendee of 
Dr. Ale.v Louria on January .3, 1931. 

Bight months prior to admission the patient was suddenly seized with intense 
pain in the precordiiun that radiated down the mesial aspect of both arms to the 
finger tips; associated witli nausea and vomiting. Symptoms lasted forty-eight 
hours and the patient rvas in bed for a week. Following this he had transient 
attacks of precordial pain about every three weeks. The day before admission, 
while sitting in a chair, the patient had an attack similar to the initial one and 
vomited six to eight times. Morphine relieind the pain only partly. 

Faviihj Eistory. — ^Negative. 

Past Hfetory.— Steward on ship to Porto Eico. Had typhoid, malaria. Nothing 
suggestive of lues. ° 

Faronnaotion.— Showed a markedly dyspneic cyanotic elderly male. The im- 
portant findings were cardiac. The heart percussed enlarged to the left. The apical 
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impulse was not visible or palpable. Heart sounds barely audible, of poor quality, 
but regular. A-2 greater than P-2. Marked pericardial friction rub over the apex. 

The patient died thirteen days after admission. Autopsy showed a recent 
thrombosis of the left coronary artery with its resultant myomalacia cordis. 

The electrocardiogram shows a regular sinus rhythm, ventricular rate of 95, In 
leads one and two the R-T interval comes off about the middle of the descending 
limb of the S. T-wave is very low. All the main deflections are slurred and the 
QRS intervals are widened. Left axis deviation is present and there are definite 
evidences of an intraventricular conduction disturbance. 

The laboratory data in this ease arc presented in Table IV. 

Table IV 


Case IV. J. L. 


DAY 

OF 

ILL- 

NESS 

date 

maxi- 

mum; 

TEMP. 

MAXI- 

MUM 

PULSE 

BLOOD 

PRESSURE 

S. D. 

BLOOD 

COUNT 

SEDIMENTA- 
TION TIME 
TO 18 M.M. 

remarks 

nj 


2nd 

1/3/31 

101 

110 






Closure on 

3 

4 

102 

128 

100 

70 

17,200 

81% 


January 2, 

i 

5 

102 

110 


« 



20 min. 

1931, 

5 

6 

101 

108 

94 

70 




Hemoglobin 

6 

7 

102 

102 

100 

70 




80%. 

7 

8 

1012 

100 






R.B.C. 

8 

9 

1010 

96 

100 

70 




5,480,000. 

9 

10 

1008 

100 






Urine negative. 

10 

11 

1012 

112 


1 





11 

12 

102 

110 

108 

70 





12 

13 

1002 

104 

100 

80 





13 

14 

100« 

106 







14 

15 

1004 

108 







15 

16 








Died. 


Case V. A. L. B. Female; aged 65 }’ears; housewife. Admitted to tlie service 
of Dr. Shookhoff on December 3, 1930. 

On December 1, 1930, patient got out of bed to close a window, was suddenly 
seized with weakness, severe precordial pain, nausea and vomiting. These symptoms 
persisted to the time of admission. 


Table V 


Case V. A. L. B. 


DAY 

OF 

ILL- 

NESS 

date 

MAXI- 

MUM 

1 TEMP. 

MAXI- 

MUM 

PULSEl 

BLOOD 

PRESSURE 

S. D. 

BLOOD 

COUNT 

sedimenta- 
tion TIJIE 
TO 18 M.M. 

remarks 

W.B.C. 

POLYS 

3rd 

4 

5 

1 

12/3/30 

4 

5 

1012 

1004 

1 990 

! 

1 

1 

! 

120 
122 1 
130 

1 

1 

110 70 

j 

1 

! 

18,800 

1 

1 

i 

1 

90 

1 

1 

1 

55 min. 

Closure on 
December 1, 
1930. 

Died on Decem- 
ber 5, 1930. 

Blood Wasser- 
mann nega- 
tive. 

Blood Kahn 
negative. 

Urine — 
albumin very 
faint trace; 
otherwise 
negative. 


NOTBi. — ^Blood pressure before attack usually 160/100. 
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Fam^y iTwIory.— Father died of a stroke at the age of 64 years. Five chiidreir, 

living and Tvell. . . . 

Past ^wiory.— Typhoid at the age of sixteen. Treated for hypertension %Mth 

hypertensive anginal attacks for years. Breast abscess at the age of o6 years. 
Othemdse negative. 

Revealed an elderly woman in moderate pain; somewhat anxions, 
slightly dyspneic; extremely nauseated. The cardiac findings ivere as follows- 
rate 120; rhythm regular, with occasional extrasystoles; basilar vessel line widened 
to the left and left ventricle not enlarged to percussion; sounds of poor quality, 
especially the first sound which was barely audible; pericardial friction rub heard. 
No pulmonarj’’ signs. No dependent edema. Sclerosis of retinal vessels. 

The patient died suddenly on her third day in the hospital. Autopsy consent was 
not obtained. 

The electrocardiogram shows a regular sinus rhythm with a ventricular rate of 
120 ; T-1 inverted. The B-T interval in the second lead comes off from the middle 
part of the descending bmb of the E-2 and the T'Wave is inverted. S-3 is tlie 
main deflection. All main deflections are slightly slurred and the QRS intervals are 
widened, indicating a partial intraventricular conduction disturbance. Occasional 
ventricular extrasystoles are observed. Electrocardiogram taken some time previous 
to this attack shows a left a.vis deviation; no abnormal R-T or T-wave changes; 
occasional extr asystoles. 

The laboratory data in this case are presented in Table V. 

Case VI. A. S. Male; aged 42 years; gasoline dealer. Admitted to tlie service 
of Dr. Shoakhoff on April 29, 1931. 

Patient was well until April 23, 1931, rvhen he was suddenlj' seized with dizziness 
and took to bed. He had vague sternal distress but no real pain. No vomiting. 
No loss of consciousness. No headache or visual disturbance. On April 28th, 
patient suddenly became pulseless and very pale. Skin was covered with cold 
perspiration and he became extremely anxious. Hospitalization was advised. 

Family History. — Unimportant; four children, living and well. 


Tabee VI 
Case VT. A. S. 


DAY 

OF 

ILL- 

NESS 


2nd 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


DATE 


4/29/31 

30 

5/ 1/31 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


MAil- 

JXOJI 

TEMP, 


992 

994 

998 

1004 

99® 

994 

992 

996 

994 

996 

996 

996 

992 

988 

988 

988 

992 

988 

992 

99 


MAXI- 

MUM 

PULSE 


84 

108 

128 

116 

104 

104 

96 

80 

78 

78 

82 

84 

86 

84 

80 

84 

86 

76 

80 

82 


BLOOD 

PKESSURE 

S. D. 


130 


120 

110 

120 


115 


80 


80 

70| 

I 

80 


80 


BLOOD 

COUNT 

W.B.C. 

POIiYS 

16,800 

69% 

15,800 

66^0 

11,100 

55 % 

10,700 

63% 

10,100 

51% 

9,850 

51% 

8,500 

58% 


SEDIMENTA- 
TION time 
TO 18 M.M. 


270 min. 
135 min. 
65 min. 
60 min. 

49 min. 

55 min. 

60 min. 

90 min. 


• REMARKS 


Coronarj' 
closure on 
4/28/31. 

Hemoglobin 

90%. 

R.B.C. 

4,700,000. 

Blood Wasser- 
mann nega- 
tive. 

Blood Kahn 
negative. 

Urine negative. 






60 


THE AMERICAN HEART JOURNAL 


Past History . — Worked liard all liis life; used tobacco heavily for thirty years. 
Eighteen years ago liad a cough, chills, night sweats; diagnosed as tuberculosis 
but without positive sputa. No cardiac pain, palpitation or dyspnea on exertion. 
No edema. Severe occipital headaches for the past three years. Pain in the right 
foot and in the left shoulder for one year — the latter aggravated by exertion. 

Examination . — -Showed a markedly hyposensitive individual, appearing slightly 
anxious and slightly dyspneic. The important findings were cardiac. Apex beat 
was diffuse, in the sixth interspace, close to the anterior axillary line. The right 
cardiac border percussed 2 cm. from the right sternal margin. Basilar vessel line 
widened to the left by percussion. Bate 100; rhythm regular. Sounds of poor 
quality, especially the first sound. At the apex a friction rub was heard. A loud 
systolic blow was heard over the pulmonic area and P-2 was accentuated. Bales at 
both bases and the liver palpable two fingers below costal margin and tender. 
Carotid sinus pressure causes a distinct slowing of the cardiac rate. 

The diagnosis was acute coronary closure. 

The electrocardiogram shows an inversion of the T-wave in all three leads with a 
normal axis deviation. Later on in tlie course of the disease the T-wave changes 
disappear and a definite left axis deviation is present. 

The laboratory data in this case are presented in Table VI. 

Note. — This patient had a subsequent attack and was readmitted to the hospital. 

Case VII. TT. B. Male; aged 60 years. Was admitted to the service of Dr. 
Shookhoff on February 22, 1931. 

Patient had complained of shortness of breath on exertion for many years. Seven ■ 
weeks prior to admission he was awakened witli severe substernal pain and a sensa- 
tion of choking; nausea and vomiting. He was in bed for two days. Three weeks 
later he developed pain in the right chest and cough; was in bed for two weeks. 


Table VII 
Case VII. W. B. 


DAY 

OP 

ILL- 

NESS 

DATE 

MAXI- 

MUJt 

TEMP. 

MAXI- 

MOM 

PULSE 

BLOOD 

PRESSURE 

S. D. 

BLOOD 

COUNT 

sedimenta- 
tion TIME 
TO 18 M.M. 

remarks 

W.B.C. 

POLYS 

2nd 

3 

4 

5 

! 

2/22/31 

23 

24 

25 

j 

1018 

1008 

100 

100 

90 

108 

160 

170 

138 90 

115 78 

90 50 

10,100 

! 

j 

80% 

37 min. 

Last closure on 
2/21/31. 

Previous one 
on 2/14/31 
(?)• 

Hemoglobin 

80%. 

B.B.C. 

3,850,000. 

Blood Wasser- 
mann nega- 
tive. 

Blood Kahn 
negative. 

Urine — 
Albumin faint 
trace ; other- 
wise negative. 

Died: 

February 25, 
1931. 

Autopsy — 
showed a left 
coronary 
thrombosis. 
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One ^v'eek before admission tlie patient bad a second attack of substernal 
clmking and vomiting; .vorse than the first attack, and lasting tjo days; a tlutd 
attack occurred tbe day before admission and was the worst of the three. 

Family Eistonj.—M.ai\\ax died at the age of 68 years of “apoplexy”; one 
brother died at the age of 36 years of “Bright’s Disease.” 

Past History. — Heavy smoker. Dry cougli for fifteen years; spinal cord tumor 
removed eight years ago ; operated on for perforated gastrie ulcer seven years ago. 

Examination. — Showed a hyposensitive male in moderate distress; dyspneie; 
slightly cyanotic. The heart sounds were weak, regular. No adventitious sounds 
were made out. The lungs showed manj' basal rales but- there was no dependent 
edema elsewhere. Diagnosis of coronary occlusion rvas made. The patient died 
suddenly on his fourth day in the hospital. 

Post-mortem examination showed left coronary thrombosis; adhesive pericarditis; 
myomalacia and myofibrosis cordis with mural thrombosis; healed apical tuberculosis 
with calcification; healed perforated gastric ulcer. 

The electrocardiograin shows a regular sinus rliytlim, ventricular rate of 100; 
T-1 isoelectric; T-2 and T-3 inverted; left axis deviation. 

The laboratory data in this case are presented in Table YII. 


Cask VIII. M. 0. Male ; aged 52 years ; grocery clerk. Admitted to the service 
of Dr. Blatteis on May 14, 1931. 

On May 12, 1931, the patient suddenlj' developed severe preeordial pain, chilliness 
and numbness of both hands. The pain became agonizing, radiated down the inner 
border of the left arm, and the patient became short of breath. Similar but less 
severe attacks occurred two and three years ago. Was told he had a hypertension 
four years ago. Shortness of breath on exertion for many years. 

Family History. — Unimportant. 

Past History. — Unimportant. 

Examination. Showed a plethoric elderly male with an anxious e.xpression; slight 
cyanosis and dyspnea. Heart rate 130, regular. Sounds barely audible. Cardiac 
borders difficult to percuss (chest emphysematous). A-2 greater than P-2. A loud 
friction rub was audible in the fourth interspace to tlie left of the sternum. There 
were coarse rales at the right lung base and the liver percussed slightly enlarged 
but there was no pretibial edema. ’ 


DAY 

OF 

ILL- 

NESS 

DATE 

3ra 

5/14/31 

4 I 

15 

5 

16 

6 

17 

7 

18 

8 

19 

9 

20 

10 

21 

11 

22 

12 

23 

13 

24 

14 

25 

15 

26 

16 

27 

17 

1 28 

24 

' 6/ 4/31 1 


Table VIII 
Case VTII. m. 0. 


MAXI- 

MUM 

TEMP. 


1024 

103 

1024 

102 

102 

lOOs 

1004 

100 

100 

102 

1004 

100 

998 

998 

994 


MAXI- 

MUM 

PULSE, 


132 

128 

120 

116 

100 

100 

100 

100 

98 

114 

120 

120 

no 

110 

100 


BLOOD 

PRESSURE 

S. D. 


128 

114 

124 

128 

122 

124 

112 

108 

106 

114 

117 

98 


96 

88 

98 

96 

86 

86 

t 

741 

72 

72 

76 

80 

66 


BLOOD 

COUNT 


W.B.G. POLYS 


13,400 

12,350 

16,600 


9,400 

11,000 


81% 

87% 

78% 


65% 

75% 


SEDIMENTA- 
TION TIME 
TO 18 M.M. 


75 min. 
16 min. 

26 min. 


50 min. 
120 min. 


REMARKS 


Closure on May 
12, 1931. 

Hemoglobin 

82%. 

B.B.C. 

4,800,000. 

Blood Wasser- 
manu nega- 
tive. 

Blood Kahn 
negative. 

Urine — Trace 
of albumin. 
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Tlio electrocardiogram, shows definite evidences of an acute myocardial involve- 
ment. 

On May 26, patient again experienced an attack of precordial pain. On 
auscultation a friction rub again was heard. He is still in the hospital at this 
writing but is free of sj-mptoms. On June 4, 1930, the sedimentation time was 
120 minutes. 

.The laboratory findings are presented in Table VIII. 

Case IX. W. S. Male; aged 45 years; clothing operator. Admitted to the 
surgical service on May 5, 1931. 

Two daj’S before admission he developed severe umbilical cramps that radiated 
to the back; associated ■with nausea, but no vomiting. Temperature 100-101. Xo 
right lower quadrant pain. Symptoms persisted to the time of admission. 

Family Hislory. — ^Negative. 

Past History. — Negative. Venereal disease denied. 

Examiiiaiion - — Showed a plethoric adult male, -with a flushed facies. Patient was 
of the hyposensitive tyiie. No dyspnea or cyanosis. Pupils regular, equal and 
reactive. Throat injected moderatel.v. Lungs negative. Heart — ^ratc regular, 100. 
No enlargement. Sounds of good quality; A-2 greater than P-2. No murmurs. 
Abdomen — Negative. No definite tenderness, rebound tenderness or rigidity. Ex- 
tremities negative. 

The diagnosis of acute appendicitis ■was made and appendectomy performed on 
May 6, 1931. At operation the appendix did not look inflamed. The pathological 
report was chronic catarrhal appendicitis. The next day the patient developed a 
rapid, irregular pulse and an electrocardiogram was taken. 

The electrocardiogram shows an auricular flutter with a ventricular rate of 18S 
and a 2:1 block. 

The clinical course and electrocardiographic findings made the probable diagnosis 
coronary thrombosis. 

Electrocardiogram taken on Jlay 24, sliows tliat the auricular tachycardia is no 
longer present; a regular sinus rhythm with a ventricular rate of 97 is now present. 
The P-E- interval in the second lead is 0.26 seconds (partial A-V block) and there is 
a left axis deviation. Definite evidence of myocardial damage is present. 

The laboratory findings are presented in Table IX. 


Table IX 
C.\SE IX. W. S. 


DAY 

OF 

ILL- 

NESS 

DATE 

MAXI- 

MUM 

TEMP. 

MAXI- 

MUM 

PULSE 

BLOOD 
PEES SURE 

S. D. 

BLOOD 

COUNT 

SEDIMENTA- 
TION TIME 
TO 18 M.M. 

remarks 

■W.B.C. 

POLYS 

3rd 

5/ 5/31 

1018 

120 

112 80 

14,200 

00 


May 6, 1931, 

4 

6 

102* 

126 





appendectomy. 

5 

7 

1028 

130 

146 82 




Closure on May 

6 

8 

102* 

120 





3, 1931 (?). 

7 

9 

1018 

104 





TJrine — Nega- 

8 

10 

100*‘ 

100 





tive. 

9 

11 

1006 

88 






10 

12 

1018 

100 






11 

13 

102 

92 






12 

14 

102 

92 


9,000 

69% 



13 

15 

1016 

100 






14 

16 

102* 

84 






15 

17 

102* 

80 






16 

18 

1028 

66 






17 

19 

102 

72 

120 80 



25 min. 



NoTE.~Temperature returned to normal on May 27. The sedimentation rate at 


that time was 65 minutes. 












SKOIMEN’TATION T1M12 IN COISONAIIY OW^Iil'SION 


m 


kabinowitz, et ae. 

CASE X. L. A. Aged GH years. Paticiil of 3>r. Shooklioff. 

This patient has had a liypcrtension for many years. One year ago lie ^ i.it an 
attai of pain in the chest rvith radiation down the arms and a diagnosis of a 

coroiiury occlusion avus tlicii mudc. 

Family ITwtor, /.-Patlicr and niotlier died of nnknown cause. Had one hrotl.er 
.vho had a hyper'tension and coronary disease, l^'amily and past, history otherwise 

negative. 

Patient had been moderately well, experiencing no syniptoins up to the^ onset 
of this present attack, when on April 30, 1931, he developed a severe pain in the 
chest, radiating to the back and down both arms— pain wa.s vi.se-liko, e.xcnuoating, 
and required two half-grains of morphine sulphate to relieve him. 

Examination . — ^Revealed an elderly man, brownish greyish facies and .sliglitly ci- 
anosed. Blood pressure 100/80 mm. IMnny congestive rales at both bases. Heart- 
aortic configuration, left ventrienlar enlargement. Heart sounds were distant ; first 
sound was barely audible,: carotid sinus pressure caused a complete cessation ot cardiac, 
activity for a short time. The cardiac rate was about 120. The abdomen was very 
slightly distended; liver was palpable two fingers below the costal iii.argin and 
tender. No edema. 

One day after the attack, April 31, 1031, the leucocyte count was 12,d00 white 
cells with 70 per cent Polys., and the sedimentation time was 170 minutes. 

This patient was treated at home and could not be followed ])roperly. However, 
a sedimentation time taken on Hay 0 (six days after onset of attack), was 30 
minutes. 

He subsequently developed a cerebral insult caii.sing a left hemiplegia and 
further studies were made. 


no 


RESULTS 

The sedimentation times ranged from 270 minutes to 13 iniuute.s. 
Sixty minutes tvas taken arhiti*arily as tiie point hclotv which tlio 
sedimentation time was interpreted as definitely pathological. The 
value fell belotv sixty minutes in all the cases. 

In Cases II, VI, VIII and X, the first sedimentation rate estima- 
tions were made on the day following the attack and, Avhile the tem- 
perature and blood picture were already abnormal, the sedimentation 
leadings were still normal. They became moi’o rajiid subsequeutly. 
In Cases I, III, IV, V and IX, the first sedimentation test was 
not made until several days after the attack and the figures were 
all below normal. In Case VII the sedimentation time of 37 minutes 
was obtained on the third day of illness, but there had been recent 
previous attacks. These eases seem to show that the sedimeutatiou 
time becomes pathological later in the disease than the temperature 
and blood count. The lowest level was reached as early as the fifth 
day following the closure in Cases II and VIII, and as late as the 
eleventh day in Case VI. Thereafter, in all cases the values increased 
toward normal. Tables I, II, m, VI, VIII and IX show that tlie low 
sedimentation time outlasted, by an appreciable number of davs the 
retuin of the temperature and blood count to normal. Only one sedi- 
mentation time each was obtained in Cases IV, V and VIT- these im 
a.ea. The .eclin.e„,etio„ ttaes in ho.ee iattce L ee 
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all low. The results indicate that the sedimentation time is definitely 
shortened in cases of acute coronary occlusion. The cases presented 
in this study had no known infections or other complications that 
might have caused the abnormal sedimentation times. The more rapid 
rate occurs relativel5^ late in the disease; it persists, however, longer 
than does the fever and leueoeytosis. This determination, therefore, 
may be valuable in cases appearing for examination a number of da3's 
after an attack and presenting a normal temperature and blood count. 

Prom this study we are unable to state whether or not the extent 
of the drop in the sedimentation rate is proportional to the extent of 
tissue destruction in the heart. In studies on the sedimentation rate 
in other conditioms, a relationship betAveen the rate of sedimentation 
time and extent and severity- of lesion has been sought. Thus, in a 
study* of 250 gyniecological cases, Benischek and Douglas^® concluded 
that the speed of sedimentation Avas directlj’^ proportional to the ex- 
tent and scAmrity of the pehdc inflammation. Tappan and Faget^* in- 
vestigated 234 cases Avith pulmonary tuberculosis and found the 
sedimentation rate to be proportional to the extent of anatomical 
inyolvement and to be an index of aetiAdt 3 ^ The same relationship 
betAveen extent of lesion and sedimentation rate may be found in 
coronary' occlusion Avhen a large enough number of cases have been 
studied and checked up bj^ post-mortem findings. 

It seems justifiable to assume that Avhile the sedimentation time is 
abnormally Ioay, acthm changes are taking place in the heart muscle. 
We feel that this test offers a Amluable index of the repair process and 
that the infarctive reaction cannot be regarded as haAung subsided 
until the sedimentation rate has I’isen to at least aboAm the sixty 
minute leAml. Polak and Tollefson^® state that Avhen the sedimenta- 
tion time is rapid in gynecological cases, thej* have alwaj’^s found, by 
operation or by* further obserAmtion of the clinical course, existing 
pathological conditions to account for the Ioav determination. 

The x'apidity with which the Amine returns to normal is in all prob- 
ability related to the speed of healing. For this reason repeated 
determinations of the sedimentation rate may aid materialty in prog- 
nosis and treatment. In the light of the results presented cAmn in 
this small series of cases, it appears adAusable to keep a patient Avith 
a coronary occlusion in bed for at least as long as the sedimentation 
time still suggests acttye myocardial changes, i.e., as long as it is 
below sixty minutes. 

We hope that this brief report will encourage further study’' of the 
sedimentation time in this ty*pe of disease, Avith a AueAv to establishing 
this simple procedure as an aid to diagnosis, prognosis and treatment 
of acute coronary occlusion. 
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SUAIAIARY AND CONCLUSIONS 

The red cell sedimeutation time \Yas studied in ten patients who 
presented sufficient clinical symptoms and laboratory data miXio 
probable the diagnosis of an acute coronary occlusion. l^YO ol tlucc 
patients who died were necropsied and coronary occlusion with an 
acute myomalacia was found. 

It was observed in these cases that the sedimentation time was 
definitely shortened, that this change appeared later in the disease 
than did the fever and leucoeytosis, and persi.sted for some time after 
the temperature and blood count had returned to normal. The per- 
sistenee of this rapid sedimentation rate beyond the time when the 
temperature and blood changes had disappeared made it, foi us, a 
better index of the progress of the healing of an acute myomalacia 
due to a coronary occlusion than the temperature and leucoeytosis. 

Note; Wc ivish to thank Drs. Rosenthal, Rabinowitz, Jjouria, and Blatteis for 
their kind cooperation in allowing us to use their clinical material. 
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CAEDIOVASCULAR DISEASE 
A Report of 398 Cases Coming to Necropsy® 

Alfred M. Glazer, M.D. 

Cincinnati, Ohio 

TN THE four years from 1927 to 1930, out of 2314 autopsies at the 

Ciucinnati General Hospital the primary cause of death in 398, or 
17 per cent, of the cases was breakdown of the cardiovascular system. 
In this group of “cardiovascular deaths" all cereliral vascular acci- 
dents are included but arteriosclerotic kidney cases are omitted because 
the connection between the renal lesion and the death of the patient is 
often indefinite. In all of these cases the diagnoses have been carefully 
controlled by microscopic examination and so possess more value than 
would the clinical, or even the gross pathological diagnoses alone. These 
398 cases have been analyzed in regard to ( 1 ) tjqie of cardiovascular dis- 
ease (classification of the American Heart Association), (2) inactmty 
period before death, (3) age at death, (4) race, (5) cardiac hjTier- 
trophy. 

The percentage of autopsies in which cardiovascular breakdoivn was 
the primary cause of death varied little from year to year during the 
period. In 1927 it was sixteen; 1928, nineteen; 1929, seventeen; 1930, 
sixteen. 

TYPE of cardiovascular DISEASE 

As to the type of cardioimseular disease at death the etiological classi- 
fication of the American Heart Association has been followed, with the 
omission of the diagnoses: thjToid, toxic, neurosis (cardiac) and trauma. 
In the beginning of this study the sj^ihilitic and the arteriosclerotic 
heart eases were entirely separated, but this was not found to be prac- 
tical since a large number of those cases in which death was primarily 
due to syphilitic heart disease, also showed minor evidence of arterio- 
sclerosis, and some cases in which death was pi’imarily due to arterio- 
selerotde heart disease, also presented minor evidence of syphilis. For 
this reason it was necessary to make certain changes in classification. Of 
the 398 cardiovascular deaths, 164 or 41 per cent resulted from arterio- 
sclerotic heart disease, and .50 or 13 per cent from arteriosclerotic heart 
disease with minor evidence of syphilis. Combining these two figures 
there were 214 deaths or 54 per cent caused by arteriosclerotic heart 
disease. Fifty-five deaths, or 14 per cent of the 398 cardiovascular 

•From the Department of Pathologj', University of Cincinnati, and Cincinnati Gen- 
eral Hospital. . 
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f^Piths resulted from syphilitic heart disease, u’liile 34, or 9 per cent 
recited from sypWlitic l.oart cfcoooo wHI, minor 
sclerosis. Combining these last two figxn-cs there were 8.), oi -3 pe cent 
which were caused by syphilitic heart di.scasc The remainder oi the 398 
deaths are classified as follows: rheumatic lieart disease 11, oi 3 pei 
cent - acute and subacute bacterial endocarditis 36, or .) per cent; un- 
classified 8, or 2 per cent; congenital heart anomalies 14, or 4 per cent, 
and pericarditis, acute and chronic 13, or 3 per coni. In the last group 
it was necessary to de])art from the etiological classification and pass 
over to an anatomical classification. (See Table I.) 


Taiii-k I 


TYIUiS OF C.VKI)10VASCCL.\B, DlSKASK AVlTH PEItCF-STAOK.S 


A. Artcrioseierotic licart itiseasc 

B. Arteriosclerotk' heart disease + .sypliilitie hear} di.sease 

C. Syphilitic heart disease 

D. sVpIiilitic Iioart disease -i- arfcriosclorotie lieart disease 

E. Rheumatic heart disease 

F. Acute and subacute bacterial endocarditis 

G. ‘Uuclassitiod 

H. Congenital heart anoinalic.s 

I. Acute and chronic pericarditis, 


41 % 

33 % 

14 % 

Sl% 

3 % 

0% 

2 % 

4 % 

3 % 


Of the arteriosclerotic cardiova.scular deaths, Gf), oi- 30 per cent, were 
due to cerebral vascular accidents, while only 12, or 13 per cent, of tlic 
syphilitic cardiovascular deaths resulted from such accidents. 

In this entire series of cardiovascular deaths, 35 per eenl of the cases 
showed .some evidence of syphilis, while only 13 per cent of routine au- 
topsies at the Cincinnati General Hospital, over the same jieriod of time, 
presented evidence of sj-philis. 


PHYSICAL inactivity PEUlOl) I'OU VAUIOU.S TYPES OF IIl^ART llISK.tSK 

By the phrase “Phy.sical Inactivity Period” is meant the length of 
time that elapses between the onset of cardiovascular, symiitoms of such 
severity that the patient is no longer able to maintain his normal activ- 
ity and the time of death. Here the cases were divided into tlie same 
etiological groups as before. For the arteriosclerotic group the inactiv- 
ity period averaged 10,1 montlis, wJiile for tJie arteriosclerotic cases with 
minor evidence of syphilis it averaged 14.0 months. The inactivity 
period average for the entire arteriosclerotic group was 11.3 ihontlis 
From the above figures it appears that the persons with arteriosclerosis 
and syphilis have a longer inactivity period than those with arterio- 
^lerosis alone The reason for this is that in the arteriosclerotic cases 
with minor evidence of syphilis there were a few patients tliat lived over 

nerin/r' G sufficient to raise the average inactivity 

period for tins group. The patients with syphilitic heart diseise hud 
maetmty period of 6.4 mout,,, rvWle thoee^vith S 


68 


THE AMERICAN HEART JOURNAL 


with minor evidence of arteriosclerosis had an inactivity period of 12.8 
months. The inactivity period average for the entire syphilitic group 
was only 8.7 montlis, as compared with 11.3 months for the arterio- 
sclerotic group. In the syphilitic heart disease group the same paradox 
appears as in the arteriosclerotic group, and the same explanation holds 
true here, only the syphilitic heart disease group was smaller so the 
difference caused by a few eases living over seven years was even 
greater. The inactivity period for the rheumatic heart disease group 
was 6.6 months while for the acute and subacute bacterial endocarditis 
group it was only 2.5 montlis. The inactivity period for the peri- 
carditis heart disease group as well as the congenital heart anomaly 
group was not determined. The brevity of the inactivity period for 
these eases may appear discouraging, even alarming, but it is neces- 



Fig:. 1. — Age at death in 80 arteriosclerotic and 80 syphilitic cardiovascular deaths. 

sary to make note of the fact that the patients represented here came 
largely from the indigent and underprivileged ranks of society, and 
included a number of negroes. 

AGE AT DEATH 

The average age at death of the patients dying of arteriosclerotic dis- 
ease was 59.4 years, while of those dying of arteriosclerotic disease but 
also showing minor evidence of syphilis it was 57 years. Combining 
these two figures this represents an average of 59.1 years for the entire 
arteriosclerotic heart disease group. The average age at death of the 
patients dying of syphilitic heart disease was 45 jmars, Avhile of those 
djdng of sj’pliilitie heart disease Avith minor evidence of arteriosclerosis 
it was 46.6 years. This represents an average of 45.6 jmars for the en- 
tire syphilitic group as compared with 59.1 for the entire arteriosclerotic 
group. The average age at death for the rheumatic heart disease’ 
group was 26.5 jmars, Avhile that for the bacterial heart disease group 
was 38.4 years. In the remaining types the number of cases Avas not 
considered large enough to Avarrant averaging the age at death. 



GLAZKR : CARDlOVASCrijAU WSl'.ASK 


(in 


In 80 nnsclcctcd cases ol arlcnosclcrolie cardiovascular dcallis and a 
similar number of syphilitic cardiovascular deaths, the at,n! at death uas 
plotted afiaiust the number of eases dyiuj: at that a^e. '1 lie results nie 
striking. In the syphilitic heart disease. gvoui> there is a very defmite, 
peak at 40 years and then a rapid decline, while in the arterioselerolie 
heart disease group there is a rather broad plateau extending over the, 
fifth, sixth and seventh dceade.s. (See Fig. 1.) 


KACR 

In the routine autopsies at the Cincinnati Oeneral Hospital from .1027 
to 1930 56 per cent of the iiaticnts were white and 44 ]»er cent black. In 
the series of patients dying of arteriosclerotic eardiovaseular di.sease. .38 
per cent wore black and 62 ]ier cent were white, while ol those dying ot 
syphilitic cardiovascular disease, 80 per cent wore black and only 20 per 
cent were white. The above figures suggest that .syphilitic cardiovascu- 
lar disease is approximately four times as common in the black as in the 
white race. 

CAIUUAC HYUiaiTHOIM I V 


An attempt was made to appraise .some of the factoi's causing cardiac 
hypertrophy. In the arlerioselcrotic heart disca.se grouj) there was no 
constant correlation between the amount of hyperirophy and the (snidi- 
tioii of the macroscopic coronary vessels, but there was a fairly constant 
correlation between the length of the pliysical inactivity jieriod and 
amount of hypertrophy; in other words, the longer the inactivity tlu* 
greater the hjTJcrtrophy regardless of the condition of the macroscojiic 
coronaries. In the syphilitic cardiovascular grou]) the average licart 
weight in cases with anciuysms wa.s ]e.ss than tlie average heart weiglit 
in those eases without aneurysms; that is, aneurysms as sucli do not lead 
to cardiac hyperirophy. The heart weight in those cases with adhc.sive 
pericarditis was greater than that in any other group. 


SU.MJIAHV 


A statistical study, of 398 nutopsied case.s dying primarily of a 
breakdown of the cardiovascular system, is presented, concerning tvpe 
of cardiovascular di.sea.se, phy.sieal inactivity jioriod before death, ago 
at death, race and cardiac hypertrophy. 



VENTRICULAR PAROXYSMAL TACHYCARDIA: REPORT OP 
A CASE IN A PREGNANT GIRL OP SIXTEEN YEARS WITH ' 
AN APPARENTLY NORIMAL HEART'* 

Thomas M. McMillan, M.D., and Samuel Bellet, M.D. 
Philadelphia, Pa. 

\X/^ -ARE reporting this single case of ventricular tachycardia be- 
cause of the several unusual and interesting features which it 
presented. These were; (1) the j’^outh of the patient (sixteen yeai’s) ; 
(2) the almost continuous presence of the disturbance; (3) the possi- 
ble relationship of pregnancy ; (4) its improvement under digitalis 
and its abolition by quinidine; (5) the absence of any demonstrable 
cardiac disease; and (6) the fact that cesarean section was performed 
uneventfullj'’ during this disturbance of the cardiac action. 

CASE REPORT 

The patient, a young, colored girl of sixteen, illegitimately pregnant, came to, 
the Pre-natal Clinic of the Philadelidiia General Hospital in the seventh month of 
gestation. At this clinic, a rapid and somewhat irregular heart action was dis- 
covered, and she was referred to us for study. 

There were no cardiovascular symptoms whatsoever, not even consciousness of 
the paroxysms of rapid heart action. Nor were there any symptoms referable to 
the gastrointestinal, genitourinary, respiratory, or nervous systems. The family 
history was entirely negative. The past medical history, likewise, revealed nothing 
of importance. There had been infrequent, mild sore throats, but nothing further 
suggestive of rheumatic fever; s“lie was not even aware of having had any of 
the ordinary diseases of childhood. 

The physical examination was largely negative. Except for being under normal 
height (she was five feet tall and weighed 102 pounds) she appeared normally 
developed and nourished. The head, teeth and tonsils revealed nothing abnormal. 
There was slight fullness in the region of the thyroid gland. The lungs were en- 
tirely noimal, both clinically and by x-ray. 

The heart was not definitely enlarged by iJorcussion. The left border measured 

10.0 cm. to the left of the midsternal line in the fifth interspace and the right 2.5 
cm. in the fourth interspace ; the retrosternal dullness in the second interspace was 

5.0 cm. By teleroentgenogram, the total diameter of the heart measured only 11.2 
cm. with a maximum intrathoracic diameter of 22.8 cm. The heart sounds were not 
remarkable and there Avere no murmurs. On our first examination, the heart was 
found most of the time to be beating regularly at a rate of 150 per minute with 
an occasional brief period of a slower rate. The mechanism Avas shoAvn by electro- 
cardiograph to be ventricular paroxysmal tachycardia Avith brief intervals of sinus 
rhythm interspersed. The blood pressure Avas 130/80 mm. The abdomen shoAved 
nothing of note except the enlarged uterus, and the extremities Avere not abnormal. 

‘From the Division of Cardioiogy of the Pliiladelphia General Hospital and The 
Robinette Foundation for the Study of CardioA-ascular Diseases of the University of 
PennsylA'ania. 
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VENTRICULAB PAROXYSiSlAE TACHYCARDIA 
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Fig. 3. — The three customarjv leads as they were observed before treatment. Tachy- 
cardia was present almost constantly. In each lead shown, only one normal supra- 
ventricular complex is seen. The T-waves of the normal complexes are inverted in 
Leads II and III. 

interrupted only occasionally by single normal cycles. Until treatment tvas begun, 
the periods of tachycardia far exceeded the periods of normal rliytbm. 

Pig. 4 shows the electrocardiogram after the tachycardia had been abolished by 
quinidine. 

The Tiffect of Drugs, Vagal Pressure and Exercise 

Digiiahs.—Eom and one-third (4%) drams of the tincture of digitalis ad- 
ministered in a period of three days caused no change. Later, she was put on 
one dram of the tincture daily until signs of toxicity, in the form of nausea, 
headache and vomiting, appeared on the fifteenth day. On the fifth day of this 
regime and at varihus times afterward during the drug’s administration normal 
rhythm appeared,' but this was not firmly establislied ; for such factors as exercise 
and emotional disturbance caused an immediate return of the tachycardia. Alore- 
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over, -with the appen ranee of toxic digitalis effects, 
«ie predominant mechanism. The most that can be 
in therapeutic amounts discouraged the tachycardia. 


the tachycardia reappeared as 
said therefore is that digitalis 


Qimi?di7ie.~Tho eiTectiveness of quinidine in controlling ventricular tachycardia 
has been rvell established.is, r., 7. a.,, s, 3 wi.ilc our patient rvas having almost con- 
tinuous paroxysmal tacliyeardia, the administration of quinidine sulphate was be- 
gun. After a total of thirty-five grains had been given in three days, a constant 
normal rhythm was restored with a ventricular rate of eighty-eight (88). The 
drug was then omitted and after three days paroxysms of tachycardia returned 
and persisted almost continuously during its omission. This procedure was repeated 
a number of times and always the arrhythmia disappeared on as much as five 



Pig. 4. — The three usual loads obtained after normal rhythm had been established 
under quinidine. The T-waves in Leads HI and HI are inverted. 

grains of quinidine sulphate four times a daj' (frequently smaller amounts sufficed), 
and invariably returned when the drug was discontinued. The abolition of the 
arrhythmia under this drug was moreover apparently complete in tliat emotion, 
exercise, and atropine did not cause its reappearance. Under the circumstances of 
this ease, we feared to give much quinidine for its possible untoward effect on 
the uterine muscle. These fears were justified inasmuch as signs of a threatened 
abortion did develop while the patient was receiving only nine grains of quinidine 
sulphate daily. After this episode, quinidine was not given again until after de- 
livery. 

Digitalis a 7 id Qnhiidbie Co7nT)i7}ed. — A. combination of 15 minims of the tincture 
of digitalis and 3 grains of quinidine sulphate three times daily restored and 
maintained a normal rhythm during its administration. In vimv of the response 
to each drug separately, it seems not improbable that the effects noted were really 
due to quinidine and not to the digitalis which was given with it. 
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MC ?iIII-iIjAN and BKLIjET : 


VENTKTCUIjAR paroxysm A li TACHYCARDIA 


Exercise, Vagal Pressure, and Atroinnc.-^Vith the tachycnrdui almost co»inuto«s 
as it Avas before treatment was begun, we could see no elTect of exercise. A^ hen the 
tachycardia had disappeared under digitalis, it promptly reappeared under the 
influence of exertion. While the tachycardia was absent under the Mifluence of 
quinidine, we Avere unable to make it reappear by exercise or even atiopine. Digita 
pressure over the vagus nerve in the neck had no demonstrable effect upon the 

ectopic rhythm. 

We attempt to draAv no conclusions from those observations. We had hoped to 
make more thorough observations after the puerporium was completed, but were 
luiable to induce the patient to return for further studies after her discharge from 
the hospital. 


/77i-»»V/i7 nmiyx 


As the end of term approached, it Avas felt that cesarean section was the 
metliod of delivery that offered the fewest risks. This was accompli.shed siicce.ss- 
fully and uneventfully under spinal anesthesia by Dr. John JtcGlinn. 

Fear of the possible depressing effects of quinidine on the respiratory center 
of the child led us to alloAV the imtient to go into the operation Anth the tachy- 
eardia in full sAving. Just before operation the tachycardia and periods of normal 
rhj-thm Avere intermingled as Ave had so often observed them. During the operation 
the tachycardia became entirely continuous Avith a rate of ].")0. 

After dclh-ery the abnormal rhythm continued to be pro.sont just as it had been 
during pregnancy and continued to be easily controllable by quinidine. Since lier 
discharge Ave IiaA’c been unable to make further observations, but haA’c learned 
from a physician avIio has seen her from time to time tliat the tachycardia as shoAvn 
by electrocardiograms is still present more than a year after our original observa- 
tions Avere made. The last electrocardiogram that we ourselves made Avas obtained 
three months after delivery. 


DISCUSSION 


Incidence and- Diagnosis of Ventricular Tachycardia : — Tliis disturb- 
ance of tlie cardiac rliytlim has ahvays been regarded as rare. Its 
diagnostic features ivere somewhat confused until 1920, udien Robin- 
son and Herrmann’^ reported four cases and laid down certain criteria 
for a posithm diagnosis. Submitting all the reported cases to examina- 
tion, they accepted only eighteen as definite examples of ventricular 


tachycardia. Their criteria liave been generally accepted, and since 
the publication of their jiaper there liave been added a number of 
cases Avhich complied with these. Recently Strauss^® has reviewed all 
the reported cases and accepted sixty-five as being definite examples 
of ventricular paroxysmal tachycardia. 

We doubt if the condition is as rare as the scarcity of reported cases 
would indicate. We have encoiuitered thirteen instances amonw 16 000 
electroeardiograms secured from 6,500 different patients, which ful- 
filled the criteria of Robinson and Herrmann.^* It is probable that 
others have had a similar experience. 


We hare often wondered if A-V dissociation with a vontrienlaf reto 

“mnlatea tfr *"'1."'™"'“'' not mider certain eirenmstancos 
mate a tachycardia of Tontrienlar rather than of .iunctioual origin 

The circnmstances under which this might occur wonld be those of an 
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accompanying widening of the ventricular complexes. There is evi- 
dence that junctional impulses may occasionally result in aberrant 
ventricular complexes/ the aberration at times even reaching the stage 
of widening. ^ If this did occur and the ventricular impulses were in- 
dependent of, and more rapid than, aiu'icular beats, A^entricular tachy- 
cardia rather than the real condition might be diagnosed. However, 
when isolated extrasj^stoles are present and coupled to preceding nor- 
mal complexes as they were in our case, a ventricular oiagin seems un- 
questionable. 

A.gG of Onset . — While the number of reported cases of ventricular 
tachycardia is rapidly accumulating, few instances have been reported 
in young pei’sons. Strauss’® in his recent analysis found only three 
examples in persons less than twentj’’ yenrs of age. We have been able 
to find six reported examples among the reports of Wolferth and 
McMillan,’® Jones and White,® Gilchrist,® Gallavardin and Veil,® and 
Anderson.’ The youngest of any of these six cases was seventeen 
years of age. The age of our patient, sixteen years, is thei’efore, un- 
usual. 

Recentlj'-, Moore” has reported an interesting disturbance of rhythm 
in a boy of twelve years as an example of ventricular tachycardia. 
Study of the published tracings lead us to feel that this diagnosis on 
the evidence presented is somewhat open to question. 

The Condition of the Heart in Ventrimlar Tachycardia . — In most of 
the reported eases there has been unquestionable evidence of cardiac 
disease. Levine and Fulton® state that ventricular tachycardia may 
occur on i*are occasions in jmung people in whom there are found no 
signs of heart disease and in whom the onlj^ cardiac symptoms present 
are those associated with the taehyeardia. The3^ cite three examples: 
one reported by Scott,’® one b.y Jones and White,® and one of their 
own.® However, Scott’s patient was an invalid when she came under 
observation and, moreover, gave a history of a previous rheumatic in- 
fection. The case reported by Jones and White® showed definite 
cardiac enlargement. Levine and Fulton’s patient® showed no demon- 
strable cardiac abnormality, but was fortj^-one years of age. In a re- 
port by Gallavardin and Veil,® the patient, a boy of seventeen, had 
no definite cardiac sj^mptoms but the heart was enlarged. The example 
of ventricular paroxysmal tachycardia recently reported by Anderson’ 
occurred in a boy of seventeen j'-ears, who showed no evidence what- 
ever of heart disease. It is apparent, therefore, that ventricular tachy- 
cardia occurs but rarely in patients who present no demonstx’able 
cardiac damage. 

In our case we were unable to find anything bj^ clinical study that 
could be interpreted as evidence of heart damage. X-raj’’ examination 
showed the heart was definitely not enlarged, though by percussion it 
was on the borderline ; bnt in one with the habitus of our patient and 


MCMILLAN ANP BELLET : VBNTRICULAU PAROXYSMAL TACHYCARDIA U 

With the addition of a seven months^ pregnant uterus, lye feel that the 
percussion measurements could be diseonnted even without the aid of 
the x-ray pictures. There is hut one finding that leaves any doubt ui 
our mind as to the absence of cardiac damage; this is the presence in 
the electrocardiograms of inverted T-waves in Leads II and III We 
can only say of this finding tliat we know it can be the result of pre- 
ceding cardiac damage; on the contrary, we see the change not in- 
frequently in hearts that are considered to be unimpaired. 

The Belation of Vevtricular Tachycardia' io Frcynancy . — It is not 
unusual to encounter extrasystoles during and apparently the re.sult 
of pregnancy. Paroxysmal tachycardia on the other liand lias been 
infrequently reported.'"” ® In those cases studied with the elec- 

trocardiograph, the origin of the tachycardia has been cither auricular 
or nodal. The case of MacKenzie,® studied with the polygrapli, ivas 
thought to be ventricular. 

There is no evidence that establishes pregnancy as the cause of 
paroxj^smal tachycardia of anj’’ variety. In most of the reported cases 
the disturbance had existed as a paroxysmal manifestation befoi-e 
pregnancy had begun. In our case the iiersistence of the tachycardia 
after the termination of pregnancy rules out gestation as the cause. 

As a complication of labor, paroxysmal tachycardia, especially in 
diseased hearts, maj’- be a serious matter as some of tlie reports re- 
fei'red to indicate. In patients whose histories indicate a serious cir- 
culatory response to attacks of paroxysmal tacliycardia, it may be well 
at least to consider cesarean section as the method of delivery unless 
the disturbance is readily controllable. Tliis means of terminating 
pregnancy was chosen in one of the cases of hleyer, Lackner and 
SchoeheP® and in our case. In both instances the results were highb’- 
satisfactory. 

SUMMARY 

A case of ventricular tachycardia is reported in which the follow- 
ing interesting features are to be noted: (1) the youth of the patient 
(sixteen years) ; (2) the absence of any definite evidence of a damaged 
heart; (3) the occurrence of the disturbance during pregnancj’’ and its 
failure to disappear upon the termination of gestation ; (4) the ready 
abolition of the tachycardia by quinidinc; and (5) the successful and 

uneventful outcome of a cesarean section performed during the taehv- 
cardia. 
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anomalous papillary muscle attached to 

PULMONARY VALVE OP HEARl 
DONALO C. COlAAXSj ]\LD. 

ROCHKSTEK, 

N 1896, Biwicz reviewed tlic literalnre ou 'litres tlic 

1 dineae and Dapillary mnaelea oeeuvrni!; „„„a. 

first to classify these anonialics and Ins classdiealion . . 


I 



Pig. 1. — Gross appearance of the right ventricle of the lieai’t. An anomalous papil- 
lary muscle is inserted into Oie anterior cusp of the pulmonary valve. Tlic single 
chorda tendinea may be seen lying between tlie probe, wliicli passes boliind tlie 
anomalous papillary muscle and the base of the valvular cu.sp.s. 


ard. The types are as follows: (1) normal papillary muscles; (2) so- 
called moderator hand, stretching across the cavity of the right ventri- 
cle from the base of the anterior papillary muscle to the septum; (3) 
muscular chords running along the walls, usually of the ventricles, 
without any connection with valve curtains or trabeculae ; (4) chords or 

’Work done in the Section on Pathologic Anatomy, Tlie Mayo Clinic. 
tPellow in Patliolog}-, Tiie Maj-o Foundation. 
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Table I 

Eeview op Literature on Anomalous Chordae Tendineae and Papillary Muscles 
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bands stretdiing across any one of the cardiac chambers from a papil- 
lary muscle or from one Avail to the other, and inserting in a valve (and 
commonly giving rise to the high-pitched, musical, basal systolic mur- 
mui, transmitted upAvard toAvard the vmssels of the neck and occasion- 
ally diastolic in time) and (5) anomalous chords extending from either 
auricle into the ventricle, originating from the edges of the valve over 
the foramen OAmle and inserted into one of the auriculoA'’entrieular 
Amlves. 

Table I contains a revicAV of the bterature on this subject from 1870 
to 1931. Papillary muscles of the right A^entriele attaching themseh^es 
to the pulmonary valve Avere reported in but 2.2 per cent of the cases 
found in the literature, and therefore constitute an uncommon cardiac 
anomaly. 


REPORT OP CASE 

Tlie case to be reported is tliat of a man, aged sixtj'-iiiue years, Aviiose weiglit 
was 215 pounds and Aviiose liciglit was 182 cm. The patient died of a disease totally 
unrelated to the cardiac anonialj', in life made no complaints relative to the heart, 
and on. physical examination revealed no cardiac murmurs. 

The heart weighed 400 gm. The foramen ovale was closed. Aside from the 
condition of the pulmonary valve, and sclerosis, graded 1, of the aortic valve and 
the anterior leaflet of the mitral valve, the valves and endocardium appeared 
normal. The right auricle was dilated, graded 2. There was sclerosis of the right 
coronary artery, graded 2, and of the left coronary' artery, graded 3 ; the lumen of 
the latter was markedly stenosed. At a distance of 7 cm. from the apex of the 
right ventricle and 2 cm. mesially to the cut left lateral aspect of the right ventricle, 
there originated a thick, muscular band distinct from the myocai-dium (Fig. 1). 
It extended for a distance of 2.3 cm. and was inserted directly into the base of 
the anterior cusp of the pulmonary valve. The diameter of this band, at its origin 
in the wall of the right ventricle, measured 1 cm., whereas its diameter at the point 
of its insertion into the pulmonary valve was 0.5 cm. One chorda tendinea, measur- 
ing 0.8 cm., originated on the left side of this muscular bundle, and was inserted 
into the myocardium at the base of the line of juncture between the left lateral 
and anterior cusps of the pulmonary valve. This anomalous papillary muscle is 
of type 4, as described by Browicz. The presence of one chorda tendinea in this 
ease clearly establishes this muscle bundle as being an anomalous papillary muscle 
and not an aberrant trabecula eorneae. Its congenital origin seems to be clearly 
established. 
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THE CLIJsICAIi SIGNS OP OCCLUDING THROMBI OF THE 

LEFT AURICLB®^ 

SiDXEr P. SCHWAKTZ, M.D.,t AXD SOL BlLOOI^, M.D. 

New York, N. T. 

T T WAS in 1890 that Von Ziemssen^ suggested for the first time the 
possibility of recognizing the clinical manifestations of occluding 
aui'icular thrombi. He concluded from a studj’’ of three patients, that 
the pi’esence of an obstructing ball or pedunculated thrombus in the 
left auricle could be diagnosed on the basis of eircumsci’ibed gangrene 
of the feet, cadaveric coldne.ss and swelling of the loAVer extremities 
and absent or diminished arterial pulsations in the larger vessels of 
the legs. He attributed the latter signs to an extreme diminution of 
the blood flow from the left ventricle to the peidphery by a thrombus 
superimposed on a pre-existing stenosed and narrowed mitral orifice. 
This pathological condition he found in all of his three cases. He 
based the development of gangrene of the feet on a similar mechanism 
although the possibility of marantic thrombi or emboli to the larger 
vessels of the legs could not be nded out. 

A few years later, Bozzolo- repox-ted the ease of a woman, forty- 
three yeai's of age with miti-al stenosis, in whom he established a diag- 
nosis of an occluding thrombus of the left auiucle and confinned the 
findings at autopsy. 

About one month after her recovery from a left hemiplegia, his pa- 
tient began to complain of severe pi’ecoi’dial pains and cough without 
expectoration. One week latex’, she expei’ienced pain in her entire left 
leg and following that, the extremity began to swell and to feel cold 
and nxxmb. Shox-tly aftei-, .the same signs appeai’ed on the I’ight side. 
A few days later, the left leg presented a mottled discoloration, livid 
in color, that extended from a little above the knee to the lower part 
of the leg. 

When examined by Bozzolo, she showed mai’ked cyanosis of the 
face and lips. Both feet wei’e intensely cyanosed and had a greenish 
tinge which merged imperceptibly with a lighter area, pinkish in color, 
near the ankles. One of her legs presented a large necrotic area 3 cm. 
long and 1 cm. wide on its outer aspect near the lower part of the 
tibia. Px’essiu’e over the popliteal space of that leg was very painful. 

The heart rate was fast and irregular. The radial arteiues were 
barely palpable and only the I’ight pulse was present. 

*From the Medical Divisions of Oie MonteBore and Morrisania Hospitals. 

tGoldschmidt Student, 
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A.itmisY revealea a lavgo pcclmu-ulnted lliroml)iis ol tile left cuu'ielc 
in tdS trtlfelitval rtc’ioeis, Tl.c ve.aols of tl.o extecniitics wc.-e 


not opened. . , p i in 

In 1909, BattistinP diagnosed, during life, “thrombosis o tie c 
auricle in tAvo patients Avith mitral stenosis, llis first ca.se was a ma e, 
forty-six years of age, Avho complained of coldness in his lower ex- 
tremities ten days before his admission to the hospital. On examina- 
tion, his legs showed large sears of a violaceous color without any 
definite borders. The superficial veins near these areas were distendcc . 
The femoral pulses could not be obtained, and the left radials aiu 
carotid pulses Avere not palpable. Unforf unatcly furfher details of 
this case are Avanting. 


At autopsy this patient rcA'caled a large rounded thrombus of the 
auricle adherent to the parietal Avail and obstrnet ing a sfonosed mit ral 
orifice. There Averc also partial obliterating thrombi in the lumen of 
the femoral vessels and the popliteal artery. 

His second case AA’as a Avoman of forty-four years AA'ith mitral steno- 
sis AAdio shortly before her admission to the hospital complained ol 
scA'ere dyspnea and cyanotic discoloration of both her legs. On exami- 
nation she .shoAA’ed gangrene of both feet. The right leg A\'as cold and 
numb and devoid of all sensations. Her radial and carotid pulsations 
Avere Aveak and irregular. She died thirty days after the onset, of 
these signs. 

At autopsy, a large thrombus Avas found attached to the auricular 
Avail by a long pedicle, Avhich permitted it to play freely over the 
stenosed mitral orifice. 


Another case, similar to these, although complicated by subacute 
bacterial endocarditis Avas seen by Ijutembacher.' His jiatient Avas a 
Avoman tAventy-eight years of age Avith mitral stenosis and a rapid and 
irregular heart rate Avho had lost the sight of her right eye. While 
under obseiwation, she doA’cloped a gradual discoloration of her nose 
AAdiich at first AAms bluish in color and at the end of eight days became 
black and gangrenous. This dried, and was ready to drop off. Within 
tAvo Aveeks several necrotic spots appeared on the face and forearms. 
Death took place three Aveeks after the onset of these signs. 

At autopsy a ball thrombus was found present in the left auricle in 
addition to the stenosed mitral orifice. 


In a man aged forty-one years, Avith mitral stenosis and auricular 
fibrillation, Aubertin and Eime-' noted the appearance of purpuric 
spots on the lower extremities and palms of the hands followed within 
tour days by a progressive increase in the discoloration of the last 

wte" 'T-’’- o» I'oth arms 

y one-half of a division. Gradnaliy tlic tip of the nose became 

discolored and cold. Death tooh place fourteen ilys after the apTeI“ 
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anee of tliese symptoms, and at autopsy a large pedunculated thrombus 
was found over-riding a stenosed mitral orifice. 

This diagnosis Avas suspected during life, emphasis being placed on the 
maiked hypotension Avith disapjoearancc of the first heart sound and the 
piogressrie asphyxia of the hands, feet and nose AAdth cyanosis, cold- 
ness and the diffuse purpuric eruption. Unfortunately no examination 
Avas made of the vessels supplying the extremities. 

In another patient Avith azotemia and progressive asi^hyxia of the 
extremities AAdio died four days after the onset of these signs, these 
authors could not obtain a post-mortem examination to confirm their 
suspicions of an occluding auricular thrombus. 

In a Avoman aged fifty-fiAm .years, Avith mitral stenosis and auricular 
fibrillation Covey, Crook and Rogei's''’ noted tlie deAmlopment of sud- 
den pain and bluish discoloration of the entire left leg. Within a feAV 
hours, the pain became more severe, and it appeared to them that the 
presystolic murmur previouslj’- present had increased in intensity at 
the same time. A diagnosis of an occluding auricular thrombus of the 
ball-A'alA’’e type AA'as suspected and this AAms confirmed at autopsy. Per- 
mission, hoAvever, Avas not obtained for examination of the femoral 
artery of the left leg Avhieh they believed to have been obstructed by 
an embolus. 

To this series aa'c A\dsh to add three more eases that have been seen 
b}’- us during the past few years at the Montefiore and Morrisania 
Hospitals in all of Avhich Ave suspected the presence of an occluding 
auricular thrombus from the nature of the physical signs present. 
Conti'aiy to the beliefs of Welch* and HeAAdtt® Ave feel that such a 
diagnosis is possible although aa^c aa’-ouIcI not draAA' a “clear” distinc- 
tion betAveen a ball and iDeduneulated thrombus. The recognition of 
these clinical signs is of importance for they pi'esage death Avithin a 
A'ery .short time after their appearance. 

REPORT OF CASES 

Case 1.— F. F., a female, aged 44 years, rvas admitted to the Montefiore Hospital 
on Oct. 5, 1926, and died on Oct. 28, 1926. Her chief complaints were dyspnea, 
weakness, nausea and vomiting. 

Previous Illness.— Tihe patient became ill for the first time in May, 1917, when 
she entered the Presbyterian Hospital because of shortness of breath and weakness. 
She Avas readmitted to the same institution on four separate occasions Avitlun the 
next few years because of repeated attacks of sliortness of breatlij palpitation o 
the heart and swelling of the lower extremities. While there, on Sejitember 2 , 
1926, the tips of all of her toes and all of her fingers ivere noted to have become 
uniformly deeply cyanotic and veiy tender. This condition cleared up somewhat 
on the folloAving day, but the first and second toes of the right foot remained deep y 
purple and gangrene set in. 

Physical examination on admission to the Montefiore Hospital reiealed a pale 
undernourished woman showing marked respiratoiy difficult}'. Her neck veins ve^ 
distended. The apical impulse of her heart Avas in the si.xth intercostal space in 
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fl,e left anterior axillary line. There was a marked apical systolic thrill. The 

S t hot; sound was almost completely replaced by a loud blowing 

P was accentuated. The heart rate was 140, the rhythm irregnlai and the e 

was a pulse deficit of 2S beats per minute. The blood pressure was 

190 mm. of mercury systolic and 90 mm. diastolic. The cd^c u ic ucr 

palpable in the right iliac fossa. The lower extremities revealed a moderate amount 

of edema, most of which was localized above the ankle. 

The finger tips of both her hands were ey.anotic, the purplish discoloration extend- 
ing as far as the first joint. They all presented on the volar surface, darker, 
hemorrhagic spots which were extremely tender on pressure. Placing the hand 
in hot water did not change the color, although pressure on the pad of tlie distal 
phalanges caused blanching. The tips of all of her toes were similarly afreeted but 
not to as gre.at an extent. 

Both radial as well as tlic posterior tihial and dorsalis pedis arteries were visiblj 
pulsating. 


Course ill Sospiial— On Oct. S, 1920, two days after admission, she developed 
numerous red spots in the axillary region. These were irvcgiilar in outline, disap- 
peared on pressure, but not with change in position. They increased in number 
following a thoracentesis of the right chest. Within the next two weeks, the signs 
of congestive heart failure bccanic more prominent, so that one week prior to her 
death she sliowcd extensive edema of both her arms and legs as well a.s marked 


ascites. 

Tlio tips of her toes and fingers turned black and became dry and jmekered. 
There was progressive cyanosis and a darker discoloration of tlic lip of )ier nose, 
although no frank gangrene developed. At no time throughout the period of observa- 
tion was there noted a fall in iilood prc.ssure. A jmlsc was felt in all of tlio large 
peripheral arteries until the day of lier dcatli. 

An unusual observation was the failure of digitalis to slow the ventricular rate 
materially even though she received 3 c.c. of tlic tincture daily. 

The patient died in coma, a little more lhan one month after the onset of 
these peripheral civculatovy cliangcs. 

Autopsy Findings. — (Only .the iwiiits of interest arc reported here.) Tlic lieart 
was moderately enlarged and roughly globular. It weighed 700 grams. The cpi- 
cardial surfaces all over were thin, smooth and glistening exTcpfc for a slight opacity 
over both auricular appendages and a small milk patch at the upper posterior angle 
of the right ventricle. 


The base of the heart was dilated, the right l.ateral border of tlio left auricle 
forming the upper border of the right side of the heart. The right auricle was 
markedly enlarged and the auricular appendage was linn. On section, the auricular 
cavity was dilated while the auricular avail was hypertrophied. 

The loft auricle was strikingly enlarged. Its capacitv was judged to be approxi- 
mately 300 c.c. It was partly filled with blood. After removing the unclotted 
blood, a large irregular thrombus, soincwliat pyramidal in shape, was seen to ex- 
tend from the tip of the auricular appendage as far as tiic orifice of the mitral 
valve. The thrombus was free except for its attachment to the auricular appendage 

t p to tip It was of a firm consistency, its lower pole hugging the left leaflet of 
the mitral valve but extending almost across the orifice 

The right ventricular wall measured 5 to 7 mm. in thickness. There was marked 
15 mm. in thkknm! hypertrophied, its wall measuring from 10 to 
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^ Tho mitral orifice was irregular in outline but admitted the tips of two fingers. 
The leaflets were all fused into a continuous and markedly thickened mass of tissue. 
There was a ridge of soft polypoid vegetations along the lines of closure. The 
chordae tendineae were all thickened, shortened and hyalinized. The papillary 
muscles were markedly liypcrtrophied. 

The aortic orifice measured 6 cm. All three leaflets were moderately thickened 
and shortened, and in part calcified. The sinuses of Valsalva were slightly enlarged. 
Along the line of closure of all three leaflets, there were continuous ridges of warty 
vegetations similar to those of the mitral valves. 

The coronary arteries were patent througliout. 

The aorta and its tributaries showed no abnormalities and there were no thrombi 
or emboli in the large vessels of the extremities. 

The vena cava and its branches contained no thrombi. 

Case 2. — E. S., a married woman, aged 42 years, was admitted to the Montefiore 
Hospital on Ifov. 22, 1929, and died on Nov. 24, 1029. She was first seen in con- 
sultation with Hr. C. S. Mirkin in September of that year. 

Previous Illness . — The patient had been perfectly' well until two and a half 
years before (July, 1927) when she began to complain for the first time of re- 
current attacks of palpitation of the heart and shortness of breath on exertion. 
She was treated with quinidinc for several weeks and felt well enough to be up 
and about until Oct. 14, 1928, when she suffered a left hemiplegia. From this time 
on she showed auricular fibrillation, and it is stated by her physician that she 
responded promptly to rapid digitalization, lier ventricular rate averaging 70 beats 
per minute three days later. 

She remained in bed for three weeks and recovered almost completely save for 
numbness of the left hand which still irersisted. 

With the exception of several attacks of epistaxis, she remained free from symp- 
toms until Sept. 4, 1929. IWien seen on that day, the patient was vomiting, she was 
disoriented, her speech was altered, her memory was poor, but she did not present 
any other neurological manifestations. She recovered from all of these symptoms 
within one week. 

On the night of Nor. 4, 1929, the patient was aivakened suddenly by a sharp 
lancinating pain in the midsteraal region. When seen an hour later, she was 
sitting up in bed breathing witli difficulty, T])e respirations were 34 and labored, 
the temperature was 101° E. and the lieart rate was totally irregular and averaged 
180 beats with a deficit of 40 beats per minute. There was a definite wheeze to 
her respirations. A slight but persistent cough was always accompanied by blood- 
tinged sputum. On the following morning, she brought up large clots of blood. 
From then on, the patient ’s dyspnea increased and her ventricular rate remained at 
over 100 beats per minute despite the fact that she received 54 c.c. of the tincture 
of digitalis within twenty days. 

Throughout the rest of her period of observation, she complained of periodic 
seizures of pain over her precordium. These were constricting in type, radiated 
to the back and tlien to left side of the neck and ear. Occasionally, the pain would 
radiate to the inner side of the arm and remain there. More often, a constricting 
sensation of the left arm above the wrist would be her only symptom. She obtained 
great relief from small doses of morphine sulphate. With the persistent high 
ventricular rate which was refractory to large doses of digitalis, signs of congestive 
heart failure developed very rapidly. The liver became large and tender to pressure, 
there was swelling of her legs, and the only method of relieving her dyspnea was 
to have her sit up with her head bent far forward and reclining on her folded arms. 

Throughout this time, her mentality was fairly clear. She answered questions 
rationally but her memory rvas very poor. 
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On Nov ir 1029, she was suddenly awakened with a severe pain in l»cr riKht 

On jSo\. o, > ... . .V VI 0 i-M of that dav, e-Kainination revealed 

leg and a dull aching pain in her hack. At d i .M. <’* i . , ^ 

nothinc unusual in that linil. except .some lack ot sens.ation to the pm puck test 

The right femoral artery was pulsating and there was a v.s.ldc pulsation in the 

”*^oVthc*cwnhig of Nov. 21, 1029, she complained of a persistent severe hcadaidie 
followed by nausea, vomiting, incontinence of feces and of urine, and at 
of tho dav her eves were seen to roll to one side, she foamed at the month an 1 
could not'speak. ' At 4 a.m. of the following morning she was perfectly rational 
but complained of numbness- in both her legs from the hips downward. 

IVlien seen at this time, physical examination revealed a slight pitting edema 
of both lower extremities. There was pulsation in both femoral arteries. The 
apical impulse of the heart was in the sixth intercostal space in the anterior 
axillary line. The heart sounds were of good tjuality, the first sound being partly 
replaced by a loud blowing S3-stolic murmur. The blood pressure was approxi- 
mate!}' 190 mm. of mercury systolic and 310 mm. diastolic, and it was practical!} 
the same on both sides. There was moderate congestion at the base.s of both 
lungs. The liver edge was palpable S cm. below the costal margin. J he ven- 
tricular rate was ISd beats jicr minute with a jnilsc deficit of almost oO beats. 


She was seen again on Nov. 22, 1929, when she conijilaiiied of a very severe 
pain in the whole of the right leg. At this time the entire limb liad a c.ndnvcric 
appearance with mottling and marmoration of the .skin from the hijis to the toc.s. 
No pulsation was felt in tho femoral or tho dorsalis jiedis arteries. Tho limb was 
cold to touch and was covered with a clammy sweat. 'J’hcrc were dimini.slicd 
muscular power and loss of sensation on tins side. 

When reexamined at the hospital, on the afternoon of that day, both leg.s a[i- 
peared normal. Although several of our associates were inclined to believe that 
she had suttcred an cmliolus to the rigid femoral artery in tiic morning, tiioy could 
not explain these signs in the afteriiooii. 

Twelve hours later, the patient was seen in shock. She was conscious but- could 
not talk. Her face liad an an.xious expression and was of a ghastly color. There 
was marked distention of her neck veins. TIic heart rate was very rapid and 
irregular. The right pulse was not imlpablc. The left was barely felt. Hotli of 
her femoral arteries were now pulseless, and oscillometrio. readings were not obtain- 
able at any level on either lower extremity. 

The oscillometer readings on the upper extremities revealed only slight move- 
ments in the left arm but none in the right. The color of tiic lower half of the 
body had a post-mortem appearance, pale with mottling and tiic cyanosis tlmt is 
usually seen in patients shortly after death. It was cold and clammy to toncli. 
Five minutes after these e.xaminations, completo positive oscillometer readings 
were obtained on all cxtromitics and there was a return of all pulses to the toueb. 
The color of the skin appeared normal again. 

Throughout the rest of tliis day (Nov. 24, 1929) the patient presented on and 
off, such symptoms and signs as were described above and at one time, during 

le absence of all pwlsations, short tonic and clonic convulsions wore noted in 
various parts of the body. 


The .ear soiiiic s, the lieavt rate and rhythm presented unusual elinical features 
.vn f pulsations were not palpable in the pcripbcral vessels, tbcrc 

ing 2i7featr’’ extremely rapid avorag- 

soLds couM 

The patient died in coma on tlie evening of tho same day 

»i»- 

were moderately dilated. * ^ ening. Both auricle.s and ventricles 
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In tlie left auricle, tiiere was found a round, fairly smooth, red, spherical 
thrombus about 4.5 cm. in diameter. Its lower pole facing the mitral valve was 
slightly indented into a mould that titled the orifice very snugly. On section, the 
thrombus presented a large area of soft spongy grey matter in its interior. There 
were no other thrombi in the auricles. Tlie mural endocardium was smooth every- 
where, and there ivas no eridenee of any rough areas in the auricular appendage. 

The mitral valve showed considerable tliiekening, the edges appearing rolled 
and the cusps were slightlj’ fused. There was a row of extremely fine warty 
vegetations along the line of closure. 

The left ventricle was moderate!}' thick and its endocardium presented in several 
places small liard calcified areas varying in size from 1 to 3 mm. cross section. 

The aortic cusps were markedly thickened b}’ very large, irregular, parti}' calci- 
fied vegetations which projected from both surfaces of the cusps. There was 
marked fusion of the commissure of the posterior and anterior cusps which ivere 
particularly thick and rolled at the edges. 

The left coronary artery formed only the anterior descending branch. The right 
coronary arter}' divided immediately into two shortly after its origin. 

The right ventricle measured 5 to 7 mm, at the region of the conus. 

The tricuspid vah'e was slightly thickened and distinctly rolled at the free 
edge. The chordae tendineae were slightly shortened and thickened. 

, There were no signs of any thrombi throughout tlie eirtire length of the aorta 
or its main large branches. Tlio femoral arteries were patent throughout. 

Case 3. — C. B., a male, aged 62 years, was admitted to the Morrisania Hospital 
on Dee. 31, 1930, and died on Jan. 5, 1931. 

Previous Illness . — The patient had been well and working as a butcher until two 
mouths before when lie began to notice progressive sw'elling of the lower extremities 
and shortness of breath on exertion. The swelling of the lower extremities sub- 
sided at night or wdicn lie was at rest. During the past month he had noticed 
ulcerations of both legs near the ankles, and these liad increased in size and had not 
yielded to treatment although tlie patient had been in bed for the past month. 
Attacks of paroxysmal shortness of breath had set in during the past few weeks, 
and these had increased in frequency and had not been, relieved with rest in bed. 

Physical examination on admission to the Morrisania Hospital revealed an old 
man extremely short of breath with marked edema of the lower extremities. The 
skin over both legs was smooth, stretched and cracked in several places where edema 
fluid was escaping. The left leg' presented on its outer aspect a little above the 
ankle a large ulcer about 4 cm. in dianieter. It was covered by a black scab at its 
inferior margin. The right leg presented an ulcer about 2.5 cm. in diameter which 
extended only through the superficial layers of the skin. 

His lips and ears were markedly cyanotic. There was active arterial pulsation 
on both sides of the neck. The apical impulse of the heart was in the sixth 
intercostal space in the anterior axillary line. The lieart sounds were of fair 
quality, the first sound being replaced almost entirely by a loud blowing systolic , 
murmur. The heart rhythm was totally irregular with an average ventricular 
rate of 145 beats per minute and a pulse deficit of 45 beats. The pulses were un- 
equal and irregular. 

The blood pressure was approximately 140 mm. of mercury systolic and 80 mm. 
diastolic and it was practically the same on both sides. 

The abdomen was soft and the liver edge was palpable G cm. below the costal 
margin in the midelavicular line. There ■were no signs of shifting dullness in the 
flanks. 
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• TT Oil 1-ni " 3933, tlio pnliout t'oiuiiljunotl of severe .'ind 

0— «,c ..,vi n..,,. r-.. ao-v,™. 

nc™»s irtulL,.! •■i.Kl .1 tin,., nnconlrollnblc. Tin, ,>».» on «■. cc 

ning of tliet day. 


On the toltaving .»»vnl..B Ml, 1,1, 1,B» n™,n,«nl *«!' j'l. f J^tT'nni” 

extendinc from tl.e ankle upwards almost as far as the region of the lower pole 

of the patella. The femoral pulses, however, were hoth i.alp.Mble 

ventricular rate was 3C4 heats per minute .and there was ;> pulse defiut 

nn linats desnitc the fact that ho had received large doses of digitalis in the iirevioiis 


50 heats despite the 

two days. . , 

At 8 A.M. of .Tan. 5, 39.31, the patient was unusually dyspueie and disoriented. 

He could hardly talk, llis right hand was cyanotic and presented n^ iinifonn 
violaceous discoloration extending .as f.ar as the middle of the forearm. The rai la 
pulse on this side was palpable, and at first it was thought that thi.s discoloration 
might have been due to pressure since the patient favored the right side. 

At 2 r.M. of this day, his respirations had inorcased and became labored. The 
patient was in a stuporous condition and could hardly be aroused. '1 ho cyanosis 
of his right arm noted in the morning had become dec])er and now extended almost 
to the lower part of the forearm. The fingcr.s were almost blaek. It was also 
observed that the left hand had now become very dark in color. Both of his 
hands were very cold .and clammy. The pulses were still present, liowevcr, but 
barely palpable. There was absolutely no eliange in tlie intensity of his heart 
sounds. Unfortunately an oscillometer was not available at this time. 

The log.s had now assumed a uniform black discoloration as f.ar up as the knees. 

The patient died in coma at 7 r.M. of this day. 

Autopsy Findings . — (Only iioints of interest arc reported here.) Tlie heart was 
markedly enlarged and it weighed 870 grams. 'I’hc ])arictal pericardium was thick- 
ened and adherent to the visceral pericardium at the apex and at the base, of the 
heart. 

Tlie left auricle was markedly enlarged. The loft auricular appendage was firm 
and prominent. On opening the left auricle, a cylindrical thrombus 2..5 cm. in 
di.ameter was scon to c.vtoiid from the (ip of the auricular appendage as far as 
the orifice of the mitral valve. It measured 9.5 cm. from (ip to tip. Its lower 
pole was conical in shape and fitted directly over (he mitral orifice. Tn this region 
the thrombus was of a difTcrent color than the rest, and it was faceted with the 
imprint of the mitral valves on it. The thrombus could be. easily displaced from 
o\cr the orifice since it was attached only to (he auricular a])pondago. 

The mitral orifice admitted the tips of (wo fingers. The leaflets wore .smooth 
at their edges and no A'Cgetations were present. 

The right ventricle was hyportropliicd and measured 8 mm. near the conus. 

The left ventricle was concent rie.ally hypertrophied and its wall measured 1.5 mm. 
in thickness near the apex. 

The aortic orifice measured G..5 cm. in circumforcuce. The aortic leaflets showed 
many calcified nodules and the commissures of the valves were thickened 

The e„o™, nTtorie, ,vo,c .liel.Hv „„a u.ietacl tat palen, 

or omtali i» the ta ” »'>"»™,.->llllo», a,»l there tvete no Ihro.nbi 

or emboh in tbe large vessels of the c.vtremities. 

The vena cava and its branches contained no' thrombi. 

DISCUSSION 

The penplieral circulatory disturbances following obstruction to tlie 
ypes, either transitory or peimaiicnf. Tlio transitory signs con- 
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sisting of temporary interference with the circulation to the extremi- 
ties and cerebrum as observed particularly in our second case, are 
easily explained. When the lower pole of the loose left auricular 
thrombus became impacted into the mitral orifice, the diminished blood 
flow. from the left ventricle caused by its obstruction as well as the 
lapid ventricular rate, resulted in absent pulsations of the peripheral 
vessels and the eadavez'ie appearance of the extremities supplied by 
them. It was at such times that the patient’s sensorium was dis- 
oriented and mild convulsive seizures were noted. The first heart 
sound practically disappeared when this occurred. 

It is difficult, however, to explain whj' sometimes only one of the 
lower limbs lost its circulation temporarily while at other times no 
pulsations or osciliometrie readings were obtainable in any of the 
limbs. The total absence of gangrene in this patient was probably due 
to the fact that occlusion of the mitral orifice by the loose ball thrombus 
Avas not complete and ivas present for short periods at a time only, thus 
pemitting the I'eestablishment of the peripheral eiz’culation with ade- 
quate nutrition to the extremities. 

Of particular interest in this case is the mode of death which ivas 
gradual and not sudden as is suspected in the presence of a loose 
thrombus of the left auricle. She died after she had been in coma for 
some time. 

The more permanent circulatory disturbances observed in the other 
tAvo patients came on rapidly. Their appearance undoubtedly coin- 
cided with a sufficient groAvth of the loAver poles of the pedunculated 
auricular thrombi to encroach upon the mitral orifice. In this manner 
the nutrition of the tissues fai'thest away from the heart Avas gradu 
ally diminished and resulted in gangrene of tlie terminal phalanges of 
the fingers and toes in one case, and gangrene of the hands and feet m 
the other. 

In the patient with hypertension (Case 3 ) this was probablj'" more 
rapid than in the ease Avith mitral stenosis (Case 1). 

It should be mentioned here that another factor responsible for the 
appearance of gangrene in such patients may be the development of 
marantic thrombi in the larger Am.ssels of the loAver extremities as a 
result of the poor peripheral circulation caused by the interference 
with the blood floir to the left ventricle and consequently to the limbs. 
Such a condition is a rare association Aidth congestive heart failure, 
but it Avas found in Battistini's first patient.^ Obviously embolic 
phenomena to the extremities must be ruled out, but these are usually 
single and affect onl}’" one limb at a time. 

Ulcerations of the legs, seen in our third case, Avere also noted by 
Bozzolo,- but in both instances it was probably part of the gangrenous 
destruction of the tissues due to the very poor circulation. We have 
ncAmr seen gangrene or ulcerations of the leg der^elop solely beeaus 
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of eclcmo of tissues. In ouv ease tlic main large ve.sscls of tire legs snp- 
plying these regions presented no emboli or thrombi at ani.op. > . 

TlJ postulate that the underlying pathological lesion must neces- 
sarilY be a mitral stenosis^ in order that gangrene develop in the 
course of an oeclnding auricular thrombus is not tenable since one ot 
our patients in ndiom these signs were present had hypertension dui- 
iug life and post-mortem examination did not reveal any stenosis ot 


the mitral orifice. 

There is one phenomenon which all of those cases including tho.se 
reported in the literature present and that is a rapid and irregulai 
heart action with a marked pulse deficit due in every instance to 
anricnlar fibrillation. This nndoubtcdly predisposes and favor.s the 
foiination of auricular thrombi since such thrombi arc not found so 
commonly in patients ivith normal sinus rhytlim. The factors, how- 
ever, responsible for the formation of either hall or pedunculated 
thrombi are still unknown. 


Ill none of our three cases was it possible even with use of very large 
doses of digitalis to slow the ventricular rate materially. 

The prognostic significance of oeclnding anricnlar thrombi is of great 
importance. The presence of severe peripheral disturbances associ- 
ated with such thrombi usually prc.sages death within a very short 
time after the onset of their appearance. None of these patients has 
been known to live longer than a little more than a month at the most. 


SUJ»I5IAUT 

1. Three patients are reported in whom a clinical diagnosis of an oc- 
cluding thrombus of the left auricle suspected during life was con- 
firmed by post-mortem examination. Two of tlio.se patients had miti’al 
stenosis and one had hjqiertension. 

2. In one patient the diagnosis of a ball valve thrombus "was sus- 
pected on the basis of the sudden and transitory appearance of peripli- 
ei'al vascular disturbances such as uniform discoloration with cada- 
veiic appearance of the extremities at a time when pulsations of the 
vessels to these limbs were totally absent. During such periods the 
sensorinm was disoriented, the patient was in mild shock, the skin Avas 
cold, moist and elaininy, and the first lieart sound Avas inaudible, Avbile 
oseillometric readings of the limbs affected revealed no movements. 

3. A diagnosis of an oeclnding auricular thrombus Avas based in one 
case on the rapid development of iniiform discoloration Avith gangrene 
of the terminal phalanges of the ten toes and ten fingers which per- 
«stea for juoro thau a month nntil death. In the other case this 

’ireT/tirr ammarance of pain and gan- 
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4. All three patients showed auricular fibrillation with a rapid ven- 
tricular rate and were refractory to large doses of digitalis. It is 
probable that the irregular heart action favored the rapid develop- 
ment and increase in size of the auricular thrombi. The circumstances 
responsible for the formation of ball or pedunculated thrombi are still 
unlcnown. 

5. The mechanics of gangrene formation in the presence of an oc- 
cluding thrombus of the left auricle is based upon its obstruction of 
the mitral orifice causing a diminished blood flow to the periplierjL 
This is enhanced by the further incomplete diastolic filling of the left 
ventricle because of the rapid and iri-egular heart action. 

6. The onset of such peripheral disturbances in patients with heart 
disease is of grave prognostic significance for death takes place shortly 
after their appearance. 
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A CASE OF ACUTE CORONAEY OCCUUSION WJTTI IlOKNl- 
GENOGRAPHIC EV1D15NCE OF THE F.ARLY l>15V>:iAirMENT 
OF AN ANEURYSM OF T3I15 LliFT VJiNTIUCLl'M 

ClIARbKS SnOOKlIOFP, AX1> Al.UFRT II. BOUGLAS, }*LD. 

Buookgyx, N. Y. 

'X'llis caso of coronarv occlusion is present ed hecanso of the paucity 
1 of symptoms as compared with the extent, of the patholo-ical 
changes present ; the evidence, of the presence ol an aneurysm of tlic 
ventricle, coming on seemingly during the acute myomalacic stage; 
and the ocenrronee of the lesion in a relatively young individual. 

CASK KKl’Oirr 

JI. S. jr.ilc: aged .I." ve.-irs; was adniitled to tlie goiuTat Jiicdiiail .servu'e of 
Dr. J. Rosontliat, on XovcinI)cr 20, lOaO, complaining of pain in llio left dicsl 
anteriorly and a .sliplit hacking cough for four d.'iy.s previously, lie had enjoyed 
perfect health until two weeks prior to admission. At tlnit time he h.ad an attack 
of sticking, burning ])ain in the epigastrium which occurred about half an hour 
after a meal and which lasted only a few minutes. 11c complained of .sour eructa- 
tions nud holchiiig; no t.arry stools, vomitiug or jiiuudice were noth'od. Following 
this the patient fell well atid worked for nine days. Five day.s before admission, 
while in the subway, he wjus suddenly seized with an nttack of nausea and vomiting 
and a sternal burning and pressure, which w;is not severe, but which was accom- 
panied by a fear of impending de.-ith. lie eonld not go on, an !imhnl!ince surgeon 
was called, and he was removed to the County Ho.spital, The vomiting dis.-ippeared 
immediately, and the nausea ])er.sistod for a whole day; the stern:il p:iin, wliich was 
not severe, was relieved in a few hours by a liypodennic of morphine. The follow- 
ing day the symptoms .'ihnosl all subsided and within forty-eight hours the patient 
left the liospit.al against advice. Because of a slight liaekiiig cough .nud slight paiu 
in the left chest anteriorly, the patient thought “iic had caught a cold” in the 
iiospital and sought tlie advice of a pliysiciau. Hospitalization was advised be- 
cause the patient was running a Icinpcratnre of 101° to 102® F. 

Family History.— Flcgaiivc. Afarricd eight years; wife had two children, both 
living and well. 

Fast TTw/or)/.— The patient was a truckman and worked Imrd. He smoked about 
three cigars and drank about three caps of cofTee each day. He recalled lui 
serious illnesses nor any surgical procedures. Xo cardiac, pain, pulpit nt ion, dy.spnea 
on exertion or edema prior to the onset of the present illness. 

Physical Examinaiioit at the time of admission rcvenlcd n muscular young adult 
male in good nutrition, of the sthenic type. lie did not appear very ill. Xo 
dyspnea or cyanosis was noted. Pressure over the styloid i)roecsses elicited no 
response, indicating marked liyposensitivity. LibniaiH has emphasized the im- 
portance of estanating a patient’s reaction to pain in the interpvctation of his 
sjmptoms. This ease illustrates the point well. The head showed no gross ah- 
no^ties. Eyes and ears were negative. Tl.c pupils u-cre regular, equal and 

’From the Cardiological Department of tlie Jewi.sh Hospital of Brooklyn. 

Dfi 



96 


TUB AMERICAN HEART JOURNAL 


reacted both to ligtit and in acconnnodation. The eye grounds were normal and 
showed no evidence of vascular sclerosis. Nose negative. Tlie tongue liad a tliin 
whitish coat. Fauces and pharynx negative. Neck negative. The chest was slightly 
pigeon breasted. The lung fields were clear throughout. The heart impulse was 
visible and palpable somewhat to the left of the inidclavieular Une in the fifth 
space. The signs were more marked in this localized area both on auscultation and 
on palpation over the rest of the prccordium. The borders percussed as follows; 
left 3 cm. from midstcrnal line in the second space, 8.5 cm. in the third, 11 cm. in 
the fourth and 12 cm. in tlic liftli; rif/ht — 2.25 cm. from inidsternal line in the 
second space and 3 cm. in the third and fourth. The heart action was regular, 
with a rate of 70. Heart sounds were somewhat distant and not of good quality; 
tlio first sound at the apex was barely audible; A-2 was greater than P-2; no 
murmurs were heard. TJic abdomen and extremities appeared normal. No edema 
was present. None of the stigmata of syphilis could be found. Eight carotid sinus 
pressure caused a cardiac standstill for a short period. 



jrjg-, 1. — ^X-ray picture taken on tlie sixth day of illness, showing aneurysm of tlie loft 

ventricle. 


Ldboratory Bata . — The temperature ranged up to 101.4° F. the first six days 
of his hospital stay; from then on it was normal. The pulse rate ranged from 
88 to 68. Blood pressure on admission was 110/70 mni.; on the eleventh day of 
his illness it was 90/60 ; thereafter, it gradually rose until on the day of discharge 
from the hospital his blood pressure was 125/80; two months later it was 170/110. 
On the eighth day of his illness his blood count was 17,800 white ceUs and 82 per 
cent polys.; on the twelfth clay of liis illness, or the eighth clay of his stay in the 
liospital," his blood count was 8,200 white cells and 61 per cent polys.; from that 
time on the blood counts were normal. Sedimentation time was fifteen minutes 
eight days following tlie occlusion, and persisted low up to the eighteenth 
his illness when it was found to bo sixty mimites; from then on it gia ua ^ ^ 
creased. Bed blood cell count was 5,120,000 and hemoglobin was 90 per cent 
Blood Wassermann, Kahn, sputum, urine and blood chemistry dctermina ions w 

all negative. 
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"iniT IsTc'XTo tl“Mt."v,,cre;i:c apc^^^ ns.Mne« a raihov globular contour 
^nd bulges in an unusual luannor. Pulaailon therein is synchronous rvitli the cardiac 
borders so that the condition must bo considered intrinsic, dl.e conhguration 
strongly suggests an aneurysui of the left ventricle.” Frequent restudics^n’erc made 
over a' period of three months and shoved practically no change. The cardiac 

silhouette is presented in Fig. 1. 

In Fig. 2 arc given clcctrocardiogniphie tracings tahen on the patient’s thi^rd 
day in the hospital. They show a regular sinus rhythm ivitli a rale of about 70. 
The P-vave is inverted in Lead III. The P-F interval is vithin nonnal limits. 
The main deflections in all leads are definitely notched. The deep S-1 and high 
I?-3 indicate a right axis deviation. The R-T interval is elevated above tbc 



Fig. 2. Electi ocardiogi'ain taken seven days following tlie coronary occlusion. 


iso-eleetrie line in Lend I and depressed below it in Load III. The T-wavc is large, 
coved and sharply inverted in Lead 1 and it is isoelectric in Lead 11. 

Electrocardiographic studies were made every other day up to the time of the 
patient's discharge from the liospital on December 16, 1030. Tlie tracing tahen 
on the day of discharge is presented in Fig. 3. Compared with Fig. 2 it shows a 
return of the S-T interval toward the base line and elongation with sharper 
coving of the T-1 which has become bighcr than the P-wnvo. T-2 is upright- 
T-o IS sharply pointed and higher than the F-3. 1 g > 

fir Jr ^ J presented on admission cleared within the 

fust seventy-two hours lu the hospital. He showed no signs of cardiac embarrass 

hl?n J forbidden, but at the time of his admission to the 

pi a lie experienced no difficulty whatsoever in standing or walkinc His 
clinical course in the hosnital was uneventful and wlm„ His 
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FJg. 3. — Electrocardiogn'am taken immediately before discharge from the hospital 
Note the voltage of the T-waves in the fiist and third leads. 




Fig. 4. — ^Electrocardiogram taken on Februarj' 21, 1931, at the Out-Patient Depar 
ment. Note the extreme low voltage of the main deflections compared with the e 
trocardiograms taken while patient wa.s in the hospital. 
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These finaings are iiidkative of rather severe myocardial disease. 


COAOtENT 


Tlie diagnosis of aoute coronary oeelnsion and aneurysm of the left 
ventricle is, it appears to ns, warranted by tbe evidence described 
above. ‘Wlietlier or not bis recent illness represented the patient s 
first major cardiac insult may be questionable. To go witb tbe marked 
x-ray and electrocardio graphic ebanges presented, one would expect 
an extensive cardiac bistory. Tbe patient was questioned Tory care- 
fully in regard to tbe presence of cardiac pain, palpitation, dyspnea 
on exertion or edema prior to tbe onset of ibis illness, and be specifi- 
cally denied baving bad any of tbese complaints at any time pieviouslj . 

An aneuiysm of tbe ventricle usually results from a dilatation of a 
healed fibrous area following a myomalacia cordis, and a definite 
period of time usually elapses between tbe original insult and the an- 
euiysm. More often it is tbe result of sca'CiuI attacks. In this ease, 
however, it would appear, from tbe history and the findings, that tbe 
aneuiysm of the ventricle followed very shortly after this patient’s 
cardiac insult. Tbe complete absence of a history of previous attacks, 
as shown by tbe absence of pain, symptoms of cardiac insufficiency, 
and any of tbe pain equivalents of a coronary occlusion often found 
in bjqiosensitive individuals,^ makes us feel that this lesion is tbe di- 
rect result of tbe recent coronary occlusion and is an aneurysmal 
dilatation of a fresh myomalacia. 

In this diagnosis we have relied to a considerable extent upon the 
x-ray and electrocardiographic findings. The diagnosis of aneurysm 
of tbe heart is seldom made with certainty during life, but in this in- 
stance it appears to lack only po.st-mortem confirmation. B. S. Oppen- 
beimei’ and H. Manu" state that tbe most common site for cardiac 


aneurysm is the apex of tbe heart and tbe middle or lower third of 
tbe anterior wall of tbe left ventricle, involving also tbe neighboring 
ventricular septum ; with the next most common site as tbe posterior 
wall near the auriculoventricular ring. The aneurysm in this case is 
probably in tbe favorite site. 

Another interesting feature of this case is tbe relative youth of tbe 
patient. Coronary thrombosis is rightly regarded as a disease of 
advanced years. One should bear in mind, however, tbe fact that it 
IS not infrequently found in an individual under forty. Levine-'' ^ives 
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SUH]MARY 

An aneurysm of the left venti’icle, the clinical and roentgenological 
symptoins of which were noticed in the first few days following a 
coronary occlusion in a comparatively young man, is reported. 

LVe wish to thank Dr. Joscpli Eosenthal for his permission to report this case. 
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THE ELECTROCABDTOGRAPHIC PINDINSS FOLLOWING 
LIGATION OF DESCENDING BllANCII OP THE 
LEFT COEONARY ARTERY IN ^lAN 


W. K. PuRKS, M.D. 
i\lA»ISON, Ga, 


C ONCLUSIONS as to the electrocardiographic findings in coronary 
artery disease have been arrived at by two methods: first by a 
study of electrocardiograms from individuals presenting symptoms of 
coi'onaiy disease and from those proved at autopsy to have coionniv dis- 
ease. This is what we might call a clinico-pathological study. A sec- 
ond method of approach has been study on experimental animals. The 
nature of the problem has made experimental study on man impossi- 
ble. This paper is a report of findings under experimental conditions 
made necessary by an emergency. It presents a series of electrocar- 
diograms obtained after ligation of the descending branch of the left 
coronary artery. 

CASE REPORT’"' 


J. H., a colored male aged 18 years, Avas admitted to tl>e Emory TJniversity 
division of Grady Hospital on January 8, 1931. His chief complaint rvas stab 
wound of the left chest. At 10 p.m. on the date of admission he was stabbed in 
the left upper chest with a hnife. He r.an 30 or 40 yards and fell to the ground. 
He was picked up and brought to the hospital at once. At that time he was 
conscious but extremely restless. His clothing was covered with blood. Both 
pupils were dilated. His extremities were cold and clanuny and radial pulse was 
imperceptible. His heart rate which at fii-st was 90 per minute soon dropped to 00. 
He was thought to be in a state of cardiac tamponade and was sent at once to 
the operating room. Operation, by D. C. Elkin, was begun at 10:50 P.Jt. The 
heart was exposed and a penetrating wound of the pericardium found. With each 
cardiac systole blood spurted from this wound. TJio wound in the pericardium was 
enlarged and the pericardial cavity found to contain about 250 c.c. of clotted blood. 
There was a stab wound whiclv penetrated the right ventricle near the interven- 
tricular septum. It ran parallel and very close to the descending branch of the 
left coronary artery in its middle third. In the course of the operation this artery 
was found to have been cut. Whether this injury had occurred at the time of th‘e 
s ab wound or accidentally during tlie operation could not be stated. Tlie arterv 
ligature. Operation was completed at 11:40 p.Jt. 


Dr.*D.''a^mkin?or‘Ubllcaln'^^ standpoint is Heins 


prepared b; 
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Postoperative Course.— On the tliird daj^ there was a definite to-and-fro peri- 
cardial friction rub which persisted until the sixth day. Tlie operative wound 
healed nicely and all sutures were removed on the sixth day. At no time did the 
heart show any abnormalities of rhythm. On the eighth day he complained of pain 
in the epigastrium and examination showed a pleural friction rub in the lower 
left axilla and a few moist rales at the left base. These findings gradually de- 
creased; his temperature reached normal, and on the twentieth day he was out of 
bed. He was dismissed from the hospital on February 6, 1931, and at present 
(!March 26, 1931) is symptom free and apparently completely recovered. 

Electrocardiograms were tahen by the three standard leads just before operation 
(10:50 P.M.), just after operation (11:50 p.if.), and at frequent intervals during 
his stay in the hospital. Later tracings were obtained with difiSculty because the 



Fig. 1.- 
operation. 
operation. 


(Jan. 8) a. Before operation. Changing form of P 
Bizarre complexes. Ventricular premature beats. 
Elevation of R-T in l^ead I and depression in Lead 


in Lead 11. b. During 
c Ten minutes after 
HI. 


patient had to serve a period of one month in jail. An incomplete record m Lead 
II was taken during operation. 

Before operation, during the state of cardiac tamponade, the only outstanding 
abnormality was a changing form of P-wave in Lead II (Fig. In)- This n as 
probably the result of irritation of the auricles by blood witbiii the pericardium. 
During operation (Fig. lb) the complexes were of bizarre forms and quite ir- 
regular. The predominating tjqie of complex was a ventricular prema ure con ra 
tion These were thought to be due to mechanical stimulation produced by the 
operative procedure. As early as ten minutes after the operation (Eig. Ic) defini 
change was observed in the E-T interval. In Lead I there was a sligh definite 
elevaiion o£ tie ot T rtile ia Lead III «.= E-T 

and convex downward. On the second day after operation ( ig. 
showed maximum change. In Lead I and II there was a verj hig i a e o 
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that time on it gradually decreased. These changes may be followed in Fig. .5. The 
ialue.s represented in the curve are averages from measurements in seven complexes 



Jan. 20 Jan. 21 March 26 

Fig-. 4. — Twelfth, si.xteenth, and seventy-seventh da.vs. Iso-electj-ic T changes to sharply 
inverted T and then becomes upright again. 



DAYS 


,f each lead. With the progressive increase in magnitude of 

lurring of this same wave at its apex. With decrease in magmtuao the S 


decreased. 



riJHKS : 


KLi:( JTKOCA KDIOCiKA IM 1 1< ’ 


FI.\I>IX<!H KdlA.OWINC MCA’riOX 


TO;') 


COMMENT 


A report of one ease smiilar to the above was inade l)y Smi1b> ainl 
DaveiiportA’ Their first electrocardiogram ^Yas ol)tained on t.hc nme- 
teentli day after operation. At that time there was inversion of T m 
all leads. Tiic T-wave was fonnd \ipright after eight and one-half 


months. .... 

Pardee’^ has recently called attention to a relative increase in size 

of the Q-wavc in Lead III in records with a left axis deviation or a 
normal axis. He fonnd that the ma.iority of such records were ob- 
tained in patients Avith the anginal syndrome. Along Avith the in- 
crease in Q-3 in snch patients he often found inverted 3’ in Lead III 


or in Leads II and HI. Where Q-3 is greater than 25 per cent of the 
greatest R or S it is considered abnormal. WilsoiP has referred to a 
large Q in Lead III occurring in coronary occlusion. 

The curve shown in Fig. is not presented Avith the idea in mind 
that its form, duration or magnitude of changes represents Avhat might 
occur in a similar case or in a patient Avith coronary occlusion, but it 
does definitely illustrate that the Q-Avavc in Lead III has undergone 
considerable change. The changes in the R-T segment do not differ 
from those often described before. Decrease in ain]>litndc of QRS Avas 
not a remarkable feature of this case. Abnormalities of rhythm Avere 
not observed. 


SUMMAUY 


After the uiiavoidahlc ligation of the descending branch of the left 
coronary artery in man the folloAving changes Avero obserA’cd in the 
electrocardiogram ; 

1. Changes in the T-wavc. (a) Definite, elevation of tako-ofi' in 
Lead I and depression of the R-T interval in Lead lit Avithin ten min- 
utes after operation (probably thirty miniite.s after ligation), (b) 
Maximum change Avithin forty-eight hours, (c) In Leads 1 and II 
it gradually descended on R. and became isoelectric in tAvelvc days, 
iiiA’eited in sixteen days, and upright in scA’cnty-scA'cn days. 

2. Changes in the Q-wave in Lead III. (a) Increase in size. It ex- 
ceeded 25 per cent of the greatest 11 fi-om the fourth to sixth days. 

Maxnnnm increase Avas present on the fifth day. (b) Slight slurriu" 
at its apex. ‘ " 
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PERSISTENT TBUNCUS AKTEEIOSES: CAEDIAO 
HTPBRTEOPHY, DYSPHAGIA, DEATH ON 
ELEVENTH DAY 

Milo K. Miller, M.D., and M. W. Lyon, Jr., M.D. 

South Bend, Ind. 

CONGENITAL cardiac defects similar to the one here recorded have 
been previoiisb^ described several times, yet the condition is of 
sufficient rarity to justify placing on record another instance. Dr, 
jMaude E. Abbott^ in 1927 had collected but 23 eases. Most persons 
with persistent truncus arteriosus usually die shortly after birth. The 
defect, however, is not always incompatible with the attainment of 
adult life and activity as instanced by the last two cases which we 
have seen reported. I?i one* the patient was twenty-five years of age 
when killed in an automobile accident, and the malformation was dis- 
covered only at necropsy. In the other^ the patient died of a super- 
imposed endocarditis at twenty-two years of age. The present instance 
is unusual in that dysphagia was the main symptom calling attention 
to serious disease. Roentgen-ray pictures were obtained, and from 
them some gross malformation of the heart was diagnosed during the 
brief life of the patient, although the exact nature of the lesion was 
not revealed until necropsjL 

CASE REPORT 

Clinical Findings. — P. J. E., white female. Delivery normal, weight 7 lb. No 
abnormalities noted at birth except a thick mat of black hair on head and small, 
poorly developed ears. Older children in family normal, living and well. 

Cry at all times rather weak. Slight cyanosis present at all times with severe 
exacerbations of marked cyanosis several times a day. Never able to nurse well. 
Chief sjTiiptom, however, was an apparent ditfieulty in swallowing. The breast was 
taken rather eagerlj’ at first but was soon released and was followed by an almost 
immediate regurgitation of milk tlirough the nose and mouth, so that the child 
received but little nourishment during its eleven days of life, Bebiveen feedings 
there was an almost constant drooling of saliva, which at times accumulated in 
the throat to such a degree that a suction apparatus had to be used to prevent 
asphyxia. The symptoms were so suggestive of an obstruction of the esophagus that 
a catheter was passed, barium sulphate given and roentgen-ray pictures were made. 
(See Pigs. 1 and 2. E points to barium shadow in esophagus, S to stomach.) 

At eleven days of age the cyanotic periods increased in frequency and severity, 
and the baby grew weaker and died. 

Boentgen-Eay Examination. — -Antero-posterior view shows an enormously hyper- 
trophied right ventricle and right auricle. The right auricle expands upward and 
to the left. The angle which normally exists between the ascending aorta and tlie 
right auricle is not seen as the auricle extends well to the right and upward. There 
is an immense expansion of the heart in the horizontal diameter. There are no 
recognizable subdivisions of the heart into its diiferent parts. Lateral view shows 
the right ventricle enormously enlarged upward and forward, filling in the retro- 
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slcnial space, wMcIi iioniially exists Ijclwocii Hie sternum and rjolit ventricle Tl,e 
rettoeararae space is almost Slled by the large rigl.t auricle, La tlic cs.pl, 
(ouMnied by banuin) as seen 2:)resse(l upon (J7, Pigs. 1 niicl 2). 

rost-3foitcin. ExmimaU-o„.~Boiy is that of a wliite female infant in tlie first 
fen- days of life. Tl.e scalp is covered with a. thick suit of nearly black hair. Tim 
cars are small and placed rather obliquely on the head, the upper border of the 
pinna being soniewliat diverted backward. The thorax is somewhat enlarged. On 
opening the thorax the heart is found to be enormously enlarged, occupying most 
of the anterior portion of the thoracic cavity, the lungs being displaced laterally 
and backward. There is a slight excess of dark colored serous fluid in each pleural 
cavity and a few small hemorrhagic spots are seen on each lung. The usual lobes 
of the lungs are indicated by rather shallow divisions. The cardiac notch of the 



Fig'. 3. — Anterior view of heart 'witli tlie riglit ventricle openetl anci the truncus 
arteriosus opened throughout its extent. 

left lung is very large, being nearly an equilateral triangle, the sides measuring 
about 35 mm. The middle lobe of the right lung is poorly defined and largely 
blended with the upper lobe. The lungs appear well aerated. 

The pericardium is normal. 

The thymus gland is normal in appearance and not enlarged. 

Tlie heart is greatly hypertrophied and the right side is noticeably laigci than 
the left. The most conspicuous feature of the heart is the absence of the pitlmonai} 
artery and tlie origin of the truncus arteriosus from the right ventricle m the n 
hedral angle formed by the right auricle, the right ventricle and the left aunc e. 
N'o vessel emanates from the left ventricle. In about the location where le ao 
normally should arise from the left ventricle there is a well defined opening, a - 
mittiBg a lead pencil, diameter 8 mm., into the right ventricle and direc } enea 
the right posterior cusp of the aortic valve. 
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The right ventricle measures vertically 50 mm.; laterally, at the widest point, 
35 mm tall at thickest point toward the base, 7 mm.; and at thinnest point to- 
;tid tte Ipex 2 mm. The interior of its chamber aside from its large size appear 
nmmal The tricuspid valve appears normal. No pulmonary ai’tery drams it but 
the truncus arteriosus instead. Beneath ti.e right posterior leaflet of the aortic valve 

is an 8 nmi. opening into the left ventricle. ^ . 

The right auricle appears essentially normal aside from its large size. It is in 
communication with the left auricle by a patent foramen ovale, 8 mm. in diameter. 

The left ventricle is hypertrophied, but not nearly so much as the right; ven- 
trically it measures 35 mm.; laterally, about 15 mm.; thickness of its wall in 
middle portion, 5 mm. No vessel leads from it, but it is in communication with 
the right ventricle by an 8 mm. opening occurring directly beneath the right pos- 
terior leaflet of the aortic valve at about the point where the aorta should normally 
arise. The mitral valve appears normal. 

The left auricle is essentially normal. It has four openings for pulmonary 
veins into it. 

Tlie ascending portion of the truncus arteriosus resembles the normal aorta and 
from it arise two normal corouarj' ai’teries. The width of the truncus at its origin 
is about 20 mm. The first part of the arch is sacculated and its width is about 27 
mm. Brom the summit of the arch the usual innominate and left carotid and 
subclavian arteries appear to arise. The descending portion of truncus arteriosus 
gives off ventrally tun relatively large branches, hypertrophied bronchial arteries, 
the more superior leading to the right lung and the more inferior to the left lung. 
The usual small intercostal arteries are present. 

The relationships of the various parts of the heart and vessels are shown in 
Pig. 3. 

Abdominal viscera show no essential abnormalities. 

The clinical sjauptoms are readily accounted for in view of the pathological 
findings. The greatlj' hypertrophied heart, in large part filling the thoracic cavity, 
pressed upon the esophagus and interfered with swallowing, nursing and nutrition. 
The lungs restricted in space by pressure of the much enlarged heart prevented 
complete aeration of the blood. Further aeration of the blood was also interfered 
with by the inadequacy of two hypertrophied bronchial arteries from the truneus 
arteriosus, acting for the lacking pulmonary artery and its branches. The hyper- 
trophied bronchial arteries are not relatively as large as the bronchial arteries 
pictured in the adult case reported by Zimmerman.c 


SUMJIARY 

A ease of tlie rare anomaly, persistent truncus arteriosus, is re- 
corded. Tlie heart was enormously hypertrophied. Dysphagia was 
the mam symptom calling attention to the defect. Necropsy revealed 
a persistent trnnens arteriosus, and an opening from the left ventricle 
mto the right ventricle. Enlarged hronehial arteries functioned as 
pnlmonaiy vessels. Death occurred at eleven days of age. 




2: ImnSn^.S:-. An?.'? Path.^sf S?, 

• . Finley, K. H. ; Am. ,T. Path. 6; 317, 1930. 



CONaENITAL DEXTEOCARDIA WITH SITUS TRANSVEESUS 
COMPLICATED BY HYPERTENSIVE HEART DISEASE- 
ELECTROCARDIOGRAPHIC CHANGES'^ 


Fredrick A. Willius, MD. 
Rochester, Minn. 


'T’HAT congenital dextrocardia ivitli complete situs transversus pro- 
duces characteristic electrocardiographic alterations is well known. 
These changes consist of reversal in direction of all the waves in Lead 
I- ’’’’’’ ’ The other leads remain unchanged. The reversal in 
direction of the waves results from the complete ti’ansposition of the 


anatomical and the electrical axis of the heart. This peculiar congeni- 
tal anomal}’’ does not interfere ivith normal life, and is frequently dis- 


covered accidentally in the cour.se of a general examination. It is a 
curious fact that the electrocardiogram is not altered unless the mal- 
position of the heart is accompanied by transposition of the abdominal 
viscera. This indicates, however, that with complete situs transversus, 
the axis of the heart is sufficiently altered to bring about reversal of 
the action currents of the heart, and the graphic inscription is re- 
vei’sed in Lead I, which, in general, represents the activity of the left 
side of the heart. 

In persons who possess this anomaly, cardiac diseases of vai’ious 
tj'pes maj^ develop as well as in perfectly normal persons. It is ap- 
parentlj’’ unusual for superimposed cardiac disease to cause alterations 
in the alreadj’' abnormal Lead I of the electrocaixliogram. Such altera- 
tions did occur in the case repoi-ted here. 


REPORT OP CASE 

A man, aged 59 3-ears, came to The Mayo Clinic because of weakness that had 
persisted after the occurrence of cerebral thrombosis four 3-ears previously. The 
only significant fact in the family history was that the patient’s father had died 
at the age of 78 3-ears, from cerebral hemorrhage. The patient had had scarlet 
fever at the age of 6 3'ears, t3'phoid fever as a young man, frequent tonsillitis 
about 23 3-ears prior to examination, mild pleuritis, and malaria. He had suffered 
from migraine for nian3- years. He apparent^' iiad jjossessed good health until 4 
years before he came to tlie clinic, when weakness sudden]3- had developed in the 
right leg and arm, while he was driving his car. There had been no loss of con- 
sciousness and no difiicult3- in speech, and he had been able to drive the ear home. 
The function of the right leg and arm had improved rapidb- but never had returned 
to normal. A physician bad made a diagnosis of high blood pressure. Tliereafter 
there had been persistent weakness, difficultj- in mental concentration at times, 
peculiar behavior at intervals, and rather thick speech occasionally. Moderate 
exertion bad caused the patient to become somewhat breathless, but there had been 
no evidence of congestive heart failure. There were no further complaints of 
significance. 

*Prom the Section on Cardiology, The Mayo Clinic. 
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The patient tvas slightly ovonvoight. He “r.ie'alS So 

teeth showed evidence of nineh dental nor on g„]]ngs was fonnd to extend 

peripheral arteries were .noderatoly Hnehened. pof"'™”; „ipple. The 

the right, and the apex beat was visible jnst bejond the right 1 11 

Llarea^.f cardiac dullness was definitely increased beyond nor,,, ah Ttee;'”,,, 
rough, blowing, s.vstolie, bas.al iiiiirinnr. T ic sjs o i There 

230 to 262 lain, of mercury, and the diasl.lie ,wcss,we fro ni 

was moderate (graded 2) sclerosis of the retinal artene , , • r „ k„vi11 

of the type of severe benign liypertonsion. There was j exam- 

inferior vein of tlie riglit retina, with hemorrhage. A detailed neuio . - 

ination disclosed arteriosclerosis of the vessels of the f 

residual evidence of previous cerebral vascular iiitcrfeicncc. ic 

normal, and there was only a faint trace of albumin ,n tlie urine. The asseriiiann 


Pig. 1. — Position of the Iieart, in a case of situs transversus. 



test of the blood was negative. There were 32 mg. of urine in each 100 c.c. of blood. 
Eoentgenographic examination of the thorax verified the presence of dextrocardia 
(Fig. 1) ; the heart was enlarged and the aorta was tortuous and slightly dilated. 
Fluoroscopy of the gastrointestinal tract revealed that the organs were transposed. 
Electrocardiography revealed sinus rhythm and reversal of the E- and P-waves in 
Lead I. The T-wave was upright. 

The diagnosis was congenital dextrocardia with complete situs transversus, hyper- 
tensive heart disease, severe benign hypertension, artero-sclerosis of the vessels of the 
central nervous system and the peripheral arteries, and residual evidence of previous 
cerebral thrombosis. 


COMMENT 

The interesting and unusual feature of this case was revealed bjr 
the eleetroeardiogram (Fig. 2). As previously stated, congenital dex- 
trocardia with complete situs transversus is always associated with 
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complete reversal of all the waves in Lead I. Here, however, the 
T-wave in Lead I was uprig-ht. Barnes and Whitten, and are 
among those who have shown the frequent oceui’renee of T-wave nega- 
tivity m Lead I of the electrocardiogram with hypertensive heart dis- 
ease. Barnes and Whitten clearly shoived that the inversion of the 
T-wave in Lead I, or in combined Leads I and 11, occuiwed with im- 
iisual uniforaiitj’' among patients who gave evidence of strain pre- 
dominantly of the left ventricle. This interiwetation is exclusive of 
myocardial infarction, in which different and additional factors are 
at work. Jn tliis case, in whieli inversion of the T-wave in Lead I was 
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Fig. 2. — Electrocardiograms in a case of situs inversus. 


anticipated as part of the disturbance attending congenital malposi- 
tion of the heart, it was upright. Undoubtedly the npi’ight position of 
the T-wave in this ease represented the counterpart of T-wave nega- 
tivity under conditions in which the heart is normally placed. It was, 
therefore, evidence of strain predominantly of the left ventricle, result- 
ing from the severe hypertension. 

The coexistence of congenital dextrocardia with complete situs 
transversus and acquired cardiac disease, in relation to additional 
changes in Lead I of the electrocardiogram is interesting, and study 
of additional cases unquestionably will reveal other unusual obser- 
vations. 
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CALCIFIED PLAQUE OF THE AORTA AT THE ENTRANCE OP 
A PATENT DUCTUS ARTERIOSUS: A POINT IN DIAGNOSIS" 

Edward Weiss, j\I.D. 

Philadelphia, Pa. 

CASE REPORT 

E. M., a colored ivoman, aged 33 years, was admitted to the Jefferson Hospital, 
jMay 20, 1931. She complained of pain in the riglit chest and shortness of breath. 

The family history was negative. 

Past history. — ^Pelvic inflammatory disease in 1925 and again in 19B0; operated 
upon in 1925 and. 1926. The patient had five living children and two mis- 
carriages. 

The present illness began about five weeks before admission with fever and 
general malaise followed by slight cough, then severe chills and high fever. Pain 
in the right side and increasing shortness of breath occurred just before admission. 

Physical examination showed a poorly nourished young colored woman with 
some dyspnea, no clubbing of the lingers and no evidence of petechiae. The pulse 
rate was 120 and regular. The pupils reacted to liglit and in accommodation. 
The heart; apex beat was forceful in the 6th interspace at the anterior axillary 
line; left ventricle dulness apparently extended into the mid-axilla. The first 
sound had poor tone and there was a slight sj'stolic murmur at the apex, also a 
rough systoUc murmur over the pulmonary area. Ho thrill was felt. The right 
ventricle apparently was not extended. The lungs were resonant with the exception 
of the right base posteriori}- and lOAver right axilla, where there was slight im- 
pairment of the percussion note but no rhles. The abdomen was held rather 
rigidly. Ho organs or masses were made out. There was no edema of the 
legs. The knee jerks were active. About 5 c.c. of slightly turbid fluid were 
withdrawn from the base of the right chest posteriori}-. Ho more could be ob- 
tained. Ho organisms were obtained from tlie fluid. The blood count on admis- 
sion was hemoglobin 52 per cent, B.B.C. — 2,940,000, W.B.C. — 15,200 with 81 per 
cent polynuelears. On May 29 the W.B.C. were 27,000, on June 2, 31,000. The 
blood Wassermann was 4 plus. The blood culture was negative. The sputum was 
negative for tubercle bacilli. The urine contained a trace of albumin and an 
excessive number of white blood cells. The eye-ground e.xainination was negative. 
Spinal fluid examination was negative. 

Electrocardiogram. — Rate 110; rhythm regular; spreading of the base of the 
R^spike suggested delay of conduction along a branch of the bundle; a-v con- 
duction time was normal ; tliere was no disturbance of tlie muscle balance. Evidence 
of myocardial degeneration, probably advanced, w-as present. 

X-ray of the chest showed no special pulmonary findings but an interesting ob- 
servation was made regarding the heart and aorta, as follows; There is an 
atheromatous plaque in the aortic knob and a slight fullness in the region of the 
left auricle. The heart is enlarged, particularly to the left. Its transverse diameter 
is 15 cm.; while that of the chest is 27 cm.” 

The patient was very ill and stuporous almost from the beginning. Near the 
end of the illness pulmonary findings became a little more marked, that is, dulness 
increased at the right base posteriorly, breath sounds were harsh, and numerous rales 
were heard. The temperature averaged about 103° with sharp peaks; the pulse an 
respirations accordingly were raised. Death occurred on June 7. 

Autopsy was delayed until the follow-ing day. Interest centered chiefly about 
the heart which weighed 350 gm. Tlie pericardial sac contained a little excess o 
cloudy fluid and there was some evidence of acute inflammation. The muscle of the 

•Prom the Department of Medicine, Service of Dr. Thomas McCrae, Jefferson Med- 
ical College Hospital, Philadelphia, Pa. 
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left ventricle was soft and pale. A dnetns arteriosus was present and was filled 
with recent thrombus material which stopped abruptly at 

the ductus but continued on the pulmonic side so that a large soft tin ombot c n . 

1 . 0 - cm. in diameter was attached to the wall of the pulmonary artery and pro- 
iected into the lumen of the vessel. At the point of attachment of the ductus to 
the aorta there was a hollowcd-out depression measuring 1 cm. in diametci. At 
this point was a large calcified plaque. It was flat and disk -like with leij sma 

nodular projections. . . . ^ 

The right lung contained a number of suppurative areas varying in size from a 
few millimeters to several centimeters. The uterus, tubes and ovaries were matted 
together by dense adhesions. The tubes were dilated and the lumen of the left 
was closed off at its point of entrance into the uterus and several places in its 
course. In other places it was filled with bloody exudate. The left ovary and part 
of the tube were necrotic and there was considerable fibrous tissue reaction about 
them. 

The post-mortem diagnoses were: (1) Bacterial endocarditis of the ductus 
arteriosus and adjacent pulmonary artery, (2) Calcified plaque of the aorta at the 
point of entrance of the ductus arteriosus, (3) Acute fibrinous pericarditis, (4) 
Multiple pulmonary abscesses, right lung, (5) Chronic suppurative left oophoritis 
and salpingitis. 

COMMENT 

The diagnosis of patent dnetns arteriosus frequently can be made 
by the presence of a “machinery” murmur and intense thrill in. the 
pulmonary area and evidence of an exaggerated pulmonary arc under 
the fluoroscope or on the x-ray plate. The absence of cyanosis and 
clubbing are negative points of importance in differentiating from 
congenital lesions of the pulmonary orifice. In the present ease evi- 
dences of sepsis dominated the clinical picture and the murmur in 
the pulmonary area was considered to be of hemic origin. The calci- 
fied plaque of the aorta had a significance in this young woman which 
was not appreciated at the time. 

A communication from Dr. M. E. Abbott, whose contributions to 
congenital heart disease are authoritative, informs me that in her 
series of 90 cases of patent ductus arteriosus calcific deposits at the 
aortic end of the ductus \vere observed in two cases, as follouL 
Murray^ noted calcification of the wall of the aortic side of a patent 
and infected ductus in a patient aged 36 years, and AVhite== recorded 
marked sclerosis and calcification at the aortic opening of a patent 
ductus arteriosus in a patient who attained the age of 66 years. How- 
ever in White's ease there was marked calcification of the remainder 
of the aorta. Abbott observes that the finding is probably more com- 
mon than her senes indicates. It is suggested therefore that in cases 
of suspected ductus arteriosus in young persons, in whom the presence 
of calcification from ordinary arteriosclerosis would be unlikely 

1 calcification in the arch of the aorta may 
be looked upon as a confirmatory sign. 

T references 
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A]\IE11ICAN HEART ASSOCIATION 

SE1’’ENTH ANE^TTAL SGIEJiTTIFlC SESSION 
June 9, 1931 

The morning session was called to order by the President, Dr. 
Robert H. Halse.y of Neiv York, in the auditorium of the Institute for 
:\Ieutal Hygiene of the Pennsjdvauia Hospital, Philadelphia, Pa., at 
9 :40 o’clock. The following program was presented: 

1. Dr. R. L. Hamilton, Sayre, PA.~Precordial Pain — ^Its Cause and 
Significance. (Abstract of Dv. Hamilton’.s papei’.) 

The increasing ineideucc of anginal pain and of sudden death lias focussed the 
attention of the public as well as of the physician on preeordial pain. Two hun- 
dred case reports of patients with precordial pain associated with organic or func- 
tional cardiac disturbances were analyzed. In sifting out the cases 27 different 
extracardiac causes of pain were encountered. The cases with pain associated 
with cardiac disturbances could be separated into live groups: (1) those with 
relative coionary insuffieieney, (2) those with aortic pain, (3) those with pain 
produced by a viscerosensory reflex, usually from the gall bladder, (4) those with 
acute pericarditis, and (5) those with pain associated with an increase in venous 
pressure. 

The most common diagnoses were coronary occlusion and angina pectoris. The 
principal etiological factor was infection between the ages of thirty and forty 
years, hypertension between the ages of forty and fifty-five years, and arteriosclerosis 
in patients more than fifty-five years of age. The prognosis 'was uncertain, espe- 
cially in the middle group, but in general was better in the younger patients and 
in the very old. There were more cases of organic heart disease in men than in 
women, although the incidence of liypertension was nearly the same in the two 
sexes, and the incidence of neuroses was higher in women. The study suggested 
that heredit}', sedentary occupation with mental strain and possibly the use of 
alcohol and tobacco plaj'ed a part in the production of precordial pain. The 
incidence of infections and of associated diseases agreed with the findings of other 
workers. 

2. Dr. Peed ]\I. Smith, Iowa City, Iowa. — ^Presentation of Case. (Ab- 
stract of Di‘. Smith’s presentation.) 

Dr. Smith presented the case of a man, aged sixt}' years, who gave a character- 
istic historj^ of angina pectoris. The distress began over the loiver substornal region 
and was transmitted to the left shoulder and often down the left arm. It was 
invariably precipitated bj^ exertion or excitement. He first came under the obserxa 
tion of Doctor Stroud three years ago shortly after the initial attack which lasted 
about thirty minutes. During this period lie had experienced numerous attacks of 
varying intensity. There was a slight increase in the size of the heart. Otlienrisc 
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normal range, and there Y’as no lustoij of hj pm tension. 

^Yas negative. The nrine likewise was negative. 

The patient was of particular interest lieeanse of U,e -^^«onsl^ betn.en angina 
pectoris and coronary occlusion. Each of these eoiuli ions was « ^ 

lith an advanced sclerosis of the coronary arteries. They t of 1 1 

ferent steps in the same pathological process and differed only an 
functional impairment of the inyoeardium. Coronary occlusion might be 
as a complication of coronary artery disease, and it was not surpiising . 
should occur during the course of or terminate in angina pectons. The ’^^torY ot 
the sudden onset of a rather severe form of angina pectoris in this patient and the 
duration of the initial attack suggested a coronary occlusion. The clectrocarc logi am 
taken some time later showed suggestive changes in the T-wavc which supimrtcd this 
possibility. It was generally known that coronary occlusion might precipitate an 
angina pectoris. This means of producing an angina was, however, probably fav 
more eomnioii than was generally recognized. It was furthermore not improbable 
that minor forms of coronary closure were frequently overlooked during the course 
of angina pectoris. 


3. Dr. Alfred Friedlander, Cixctnnati, Ohio. — Electrocardiograms 
in Patients With Cardiovascular Lues as Compared With Electro- 
cardiograms in Cardiovascular Disease cf Other Etiology, (For 
original article, see page 15.) 


4. Dr. Lewis A. Cokner, New York, N. Y. — Presentation of Case. 
(Abstract of Dr. Conner’s presentation.) 


Dr. Conner presented the ease of a man of seventy years who for several years 
had had attacks of anginal pain of increasing frequency and severity. At first the 
attacks came on only on walking, later they appeared also with excitement, after 
eating and sometimes during tlie night. There liad been no attacks that could be 
recognized as those of coronary thrombosis. The speaker discussed the case only 
from the standpoint of treatment. In liis own c.xperience treatment of effort angina 
by drugs and by rest had given such very disappointing results that lie had been 
led to seek some other metliod of ti’eatniciit. lie called attention to the fact that 
different forms of physical effort vary greatly in tlicir proneness to induce anginal 
pain; many patients who could not walk even a short distance without the appear- 
ance of pain were yet able to take other forms of active exercise, such as running 
upstairs or calisthenics, without sucli pain. In view of the evidence offered by Gross 
as to the pronounced tendency toward increased vascularization of the heart muscle 


in the middle and later years of life, it seemed rational to attempt to hasten the 
development of new coronary brandies by tlie use of graded exercises, provided 
such exercises could be carried out without inducing pain. For the past two or three 
years he had been using such graded exercises, although at first very hesitatingly 
and cautiously. The early experiments had been sufficiently encouraging to warrant 
the systematic use of such exercises, and the results liad thus far been highly 
satisfactory. Only a few eases, however, had been followed sufficiently long to 
•now if the benefit was bkely to be permament. One ease had been followed two 
Years At the time these exercises were started this man had been unable to walk 

o “tl rr’”* f *“ <* 

» im vork as cml oag.nae... la otha, cases these had beea iseedom 
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pain for a number of montlis. He had never seen a case in whicli be thought harm 
had been clone by the exercises. He had used the setting-up exercises of the Army, 
consisting of light, quick movements, limiting them at first to four or five minutes’ 
and having them done several times a day, preferably every two or three hours. It 
■nas important that they should be such as did not bring on pain, that they should 
not be done immediately after a meal and that they should be carried out in a com- 
fortably warm room, in other words that the conditions likely to induce anginal 
pain be avoided as far as possible. 

Tliere was another, more serious aspect of these cases of effort angina, which 
was the likelihood sooner or later of an attack of thrombosis. If it was possible 
by graded exercises to increase the anastomotic circulation in the heart, it seemed 
reasonable to suppose that this increase might lessen materially the serious effects 
of such a closure if it should come. 

The speaker said that the details of the method of treatment offered were by 
no means firmly established and could probably be improved upon, but he was 
quite convinced that if the problem were ever to be solved the solution would come 
from some method of development of the anastomotic circulation in the diseased 
coronaries. 


5. Dr. Drew Luten, St. Louis, ]\Io. — Contributory Factors in Coro- 
nary Occlusion. (For original ai’ticle, see page 36.) 

6. Dr. Gordon E. Hein, San Francisco, Calif. — Presentation of Case. 

(Abstract of Dr. Hein’s presentation.) 

Hr. Hein presented the record of a young man of twenty-nine years who had an 
attack which resembled one of coronary thrombosis and who died thirty-six hours 
later. The diagnoses suggested were; (1) coronary infarction; (2) rupture of the 
aorta, possibly secondary to aneurysm of the ascending aorta; and (3) occlusion of 
a large branch of the pulnionary artery. Autoi>sy revealed narrowing of the isthmus 
with dilatation proximal to this and a transverse tear 2 cm. long 6 cm. above the 
aortic cusps. 

Dr. Hein discussed the recognition of coarctation of the aorta in those cases 
in which the diagnosis is not easy and commented on the relative frequency of 
rupture of the aorta in this condition. 


7. Dr. Stewart R. Roberts, Atlanta, Ga. — Nervous and Mental Fac- 
tors in Angina Pectoris. (For original ai’ticle, see page 21.) 

The afternoon session was called to order at 2 o’clock, and tke fol- 
lowing program was presented: 


8. Dr. John H. Mussee, New Orleans, La.— Tke Familial Incidence 
of Coronary Thrombosis, (For original article, see page 45.) 


9. 


Dr. David Riesiman, Philadelphia, Pa.— Presentation 
(Abstract of Dr. Riesman’s presentation.) 


of Cases. 


Hr. Biesman showed a little Italian girl of thirteen years who exhibited « 
striking manner Broadbent’s sign of retraction 'of the lower chest, J 

posteriorly, as the result of adherent pericardium. The child had suffered y 
from rheumatic pancarditis— both aortic and mitral valves were involved, t 
was greatly hypertrophied; retraction of the ribs had steadily increased during 


SOCIETY transactions 


119 


year and a half she had been under observation. AYhen first ndnutted her tons^b 
Ld been found large and infceted, the glands at the angles of the pw and . 
the neck n-ere likervise nn.ch enlarged. Despite her seauous cardn.c 
bore tonsillectomy under general anesthesia as well as a healthy child, li e glands 
of the neck promptly diminished in si/.e after the operation and soon could not be 
felt. Taking out the tonsils in this case was, of course, like shutting the .stable 
door after the horse had been stolen. 

Dr. lliesman passed around Broadbciit's little book in which the sign known by 


his name was described. 

The second patient was a colored man who had recently been admitted to the 
Philadelphia General Hospital in an advanced stage of circulatory dceomponsation. 
Under tapping and novasurol the signs of decompensation had rapidly disappeared. 
Dr. Riesman presented him as an ex.ample of nonvalvular heart disease. There was 
nothing in any way abnormal audible on auscultation of the heart j the blood pi as- 
sure was about normal — it might have been higher previously, but of tiiat there was 
no information; the Wassermann test was negative; there wjis no evidence of 
renal disease. The speaker discussed the nature of such cases of decompensation 
which evidently were due to muscular and not to v.alviilar defect. He believed that 
coronary disease might be the basis of the cardiac mynsthenia. At autopsy such 
cases showed no signs of iiiflammation. llciicc the clinical term myocarditis was 
misapplied; he had coined the term “myocardosis” to designate the condition. 

Dr. Riesman also spoke of the increasing frequency of myocardi.al failure since 
the onset of iincmployincnt and hard times and was inclined to attribute it to food 
deficiency. 

The ultimate cause of myocardial failure was probably chemical, whetlier faulty 
metabolism of lactic acid or something else was still undetermined. 

Attention was called to the freqiicnc}- with wliicli hydrofhora.v is overlooked. 
The striking elTcets of novasurol were also pointed out. 


10. Dr. Joseph T. Weaun, Cleveeand, Ohio. — The Relationship of the 
Thebesian Circulation to Coronary Occlusion. (Abstract of Dr. 
■Weara’s paper.) 


Correlation of elinieal findings with the necropsy re2)orts has shown many cases 
which revealed few signs or symptoms referable to the heart and yet whose coronary 
arteries were practically closed. Artcrio.sclcrosis w;is the most common cause of the 
occlusion. Syphilitic aortitis, in some instances, resulted in the comjdetc closure 
of both coronary orifices and in many instances occluded the opening of a single 
coronary artery. 

These processes— arteriosclerosis and syphilitic aortitis— bring about a gradual 
occlusion of the coronary arteries, and in many instances thev produce few, if any 

distressing signs or symptoms of heart failure. Indeed, some escape detection 
during life. 


Such cases are in distinct contrast to those where there is a sudden occlusion 

coronary. In thc.so heart failure is nsnally the immediate result 
and death frequently follows. 

When the coronary arteries are completely occluded cither at their mouths bv 
sjplnbs or in tbeir main trunks by sclerosis, the hearts mav carry on their work 
and e%entually when examined they do not show infarction. Those findings make it 
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T lat there might, under tlie conditions of their experiments, be a sligiit back flow 
into the veins during auricular systole is quite possible. But their suggestion that 
tiie low pressure an tlie right auricle can maintain a circulation in the myocardium 
sufficient to enable it to keep up a normal blood pressure, is to me not acceptable. 

Histologic studies2 have shown direct communications between the Thebesian 
vessels in the ventricles and the capillaries of the myocardium. No valves have been 
found in the Thebesian vessels. The blood under ventricular pressure, therefore, has 
direct access to the capillary bed of the heart. ’ 

It is suggested that in manj' of the patients whose coronary arteries become 
occluded, the Thebesian vessels offer a channel of communication between the ven- 
tricles and the capillaries. 

REFERENCES 
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II. Dr. James B . Herrick, Chicago, III. — Presentation of Cases. (Ab- 
stract of Dr. Herrick’s paper.) 

Dr. Herrick presented the following cases: 

Case 1. An adult woman after a prolonged stay in the hospital, with many 
weeks in bed, made a good recovery from what was clearly a moderately severe 
attack of coronary thrombosis. 

Comment: Two points may be emphasized, the importance of rest in the treat- 
ment, and the difficulties in the way of diagnosis as well as of treatment when, as 
in this case, there were exaggerated nervous symptoms of a functional character. 

Case 2. A white man of forty-four years with a history of chancre at seventeen 
years, was suddenl}' overcome by pain in the chest, right shoulder, face, epigastrium. 
He was dizzy and for a few minutes may have been unconscious. Taken at once to 
a hospital, he complained of a dull ache in the precordium and between the shoulder 
blades. He was not dyspneic or ejmnotic. The heart tones were faint, the pulse 
was just perceptible. There were many extrasystoles. On one day, for a few hours 
only, a pericardial friction sound was lieard. The temperature rose to 100.6°. 
There were 11,200 leucocytes. An electrocardiogram taken on the ninth day showed 
QES complexes of low amplitude and notched in all leads. The T-wave was inverted 
in Lead III. Three weeks later typical coronary waves were seen in Leads II and 

III. The diagnosis was acute coronary occlusion. It is now two years since the 
accident. He is able to do light work with only slight fatigue and slight shortness 
of breath. He complains at times of mild precordial distress and palpitation. 

Comment: One may note the nearly complete functioiaal recovery after rest. 
While syphilis in this case may have been a factor contributing to the occurrence 
of the thrombosis, no definite proof was afforded of relief from specific remedies. 

One must be prepared to recognize eases of coronary thrombosis with mild or 
atypical symptoms. Often diagnosis must be made not on any one symptom but on 
the grouping of symptoms, the instrumental findings and the exclusion of other 
diseases. Of especial value in this ease were the fever, leueoeytosis, pericardial 
friction sound and the extra.systo]es. Tlie low voltage and notched curves were 
also suggestive. Still more significant was the fact that three weeks later the 
electrocardiogram showed further changes. The process was cleailj one in wide i 
the myocardium was undergoing alterations presumably in the way^ of healing. 
The especial point to be stressed is that in these acute cases the tracings are no 
always £xed and unalterable. The diagnostic value of change in the electrocardio- 
gram should not be overlooked. 
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12. Db. PIUB D. White, Bostoh, MASS.-The Prognosis of Anpna Pec- 
toris (600 Cases) and Coronary Thrombosis (200 Cases), (hot 

original article, see page 1.) 

13. Da. Ehahdeo Libmah, Nmv Yoiik, N. Y.-Presentation of Case. 

DISCUSSION 


Du. WOLFFE, Pl.iladelphia, Pa.-Dr. Ilannltoa's paper is of great i.nportancjc 

Numerous statistical studies have heeu reported, 

were to 


because of his clear observations 



theories have already 

have been pointed out and arc fairly well recognized. May we not draw some 
conclusions from the work already done? If one were to consider all these mani- 
festations, as well as some of the known pathologie.al lesions associated with tins 
malady, a rather important conclusion would suggest itself. May not all the various 
etiological factors produce this symptou comple.v by :i common modux operaudi? 
May we not look upon angina pectoris as a reflex due to an imbalance of tlie tno 
opposing parts of the autonomic nervous system, a parasympatbetie and .syinpatlictie 
imbalance (altliough even this nomenclature may have to be somowbat modified)'? 
The symptoms and physical signs may dopond greatly upon tlie jircpondcrancc of one 
or the other side of the autonomic nervous system. The drugs to he employed to 
cheek this dangerous and painful complex will also depend on the ])roper recognition 
of this disturbed balance. Dr. iramilton clearly showed bow the heart beat re- 
turned and the volume improved following the administration of opinephrin, yet 
Levine and his coworkers showed that cpinephrin will in many cases precipitate 
an attack of angina pectoris. This has also been the experience of many clinicians. 
It is also a common experience tliat the same type of therapy given for a similar 
condition will improve one patient and aggravate the symptoms in another. !May 
it not be well carefully to investigate symptoms and piiysicul signs and sec wliicb 
side of the autonomic nervous sy.stcm has tlie upper hand and direct treatment 
accordingly — using “inhibitor” drugs for the “accelerator” type and “accelera- 
tors” for the “inhibitor” types? Tins thought may he applied to many other 
diseases. The T-wave appears to be a very important guide provided we do not 
speak of it as a “coronary T-wave” but rather as a T-wave of sympathetic, and 
parasympathetic imbalance. 


De. Hamilton, Sayre, Pa. — With regard to Dr. Wolffo’s observations with 
adrenalin I might say that not long ago I had a patient who I thought had a 
paroxysmal hypertension and gave liim a little adrenalin to see whether or not I 
could bring out the symptoms. He developed such an intense e.oronarv pain tliat 
for a few moments it seemed as though he might die. 


Dr. Oppeniieimer, New York, N.Y. — ^Dr. Friedlauder has mentioned incidentally 
the work of Dr. Master on certain electrocardiograms found in cases of hypertension, 
i.e., left axis deviation associated with inversion of the T-wave in Load I, or some- 
times in both Leads I and II. At the time of publication tlierc was some doubt 
whether sucli T-wave changes were not due to coronary artery occlusion complicating 

'inrsednTtie^''"V''? ^ opportunity of following a few such cases 

and seeing the hearts at necropsy, and have been convinced tiiat sncii electrocardio- 
graphic changes may occur without coronary occlusion. For example one natient 
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liypertrophied licart, weigliing 1050 grams, and yet no coronary occlusion or 
myocardial infarction to account for his T-rvave changes. Similarly electrocardio- 
graphic changes have been seen in instances of rheumatic aortic valvular disease, 
without finding coronary occlusion in the heart at post-mortem examination. So 
one may say that such inversions of the T-wave in the presence of left axis deviation 
do not necessarily mean coronary artery occlusion. 

Dk. Pardee, New York, N. Y. — I should like to say a word about the relation 
of electrocardiographic abnormalities to mortality and to prognosis. In this table 
and in many otlier siniiliar studies an effort has been made to decide whether or 
not certain peculiar features of the electrocardiogram have some relation to the 
length of time a patient is going to live. It seems to me that in order to have such 
a decision of any value, the figures must point overwhelmingly in one direction, that 
is, the percentage must he as high as 80 or 90, because there are so many other 
factors besides the electrocardiographic abnormality tlint must be taken into con- 
sideration in the prognosis. I do not feel that any of the percentages in Dr. Pried- 
laiider's tables indicate a definite seriousness of the observed iihysical sign. Elec- 
trocardiographic abnormalities are onlj- a small part of the clinical picture, and I 
think that this is the reason that different authors, in attempting to estimate their 
importance, have found vaiying percentages and different trends. To me the 
figures would have to j)oint much more strongly in one direction than do these 
before they would have prognostic significance. 

Dr. Wolffe, Philadelphia, Pa. — Dr. Friedlander ’s paper again proves that there 
is no such thing as a patliognoinonie coronary T-wave. This type of T defoimit)' 
may be produced as have already pointed out if the animal’s autonomic mechanism 
is disturbed by administering certain drugs and particularly certain hormones, A 
coronary insult may also produce a similar T-wave, but apparently due to a similar 
mechanism. It seems that if the coronary insult is superficial it involves one side 
of the balance, while if deep, the other. 

The T-wave promises to be a very important index in diagnosis and treatment 
in every branch of medicine. It would be difficult in these few minutes to offer 
enough proof even to suggest changing deeply rooted ideas. I can nevertheless 
assure you that we have records showing tj^Jical coronary T-waves in individuals 
with a perfectly normal cardiovascular system as far as organic disease is con- 
cerned. In the dog we can depress the T-wave by the use of the substance I pie- 
viouslj' mentioned as desympatone and bring it up again by administering epineph- 
rine. 

I may say in conclusion that those working with the electrocardiograph should 
keep in mind parasympathetic and sympathetic imbalance, whether due to eoronarj 
disease, a blow over the chest or epigastrium, a sensitized nervous system, or ga^ 
bladder disease; for all may produce changes of the T-wave, and therefore a di 
agnosis and prognosis should not be based entirely upon this finding. 

Dr. M-arvix, New Haven, Conn. — Dr. Conner has spoken of the work of Gross 
as indicating that as an individual grows older he develops fairly abundant 
astomoses between tlie branches of the coronary arteries. It seems to me of soni 
importance to indicate that this view of Gross’ is hy no means geneiallj accepte 
I have discussed the matter with some pathologists who have no hesitation i ^ 
regarding it as being incorrect, unsound in theory and untrue in fact, an ie.> 
point out that if this is true of the heart, it is peculiar to the heart muscle, t la 
such processes do not occur in other tissues of the body as the indn i ua grow 
older, that this process is a development of an abundant anastomosis of new, 
young and growing tissue and not one that is undergoing degenerative ' 

Those of you who have seen the illustrations in Gross’ hook will agree t la i . 
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.VC uppaveutlT conclusive, but there is an altcrunlc explnuatiou ylnch scenes to 
some of us acceptable. It is this: iu the younger hearts the artenes aie mor 
clastic, either they do not permit the iujeetiou medium to cuter them because thcj 
are closed by virtue of their elasticity, or, having permitted the m.icotmu umli u 
to enter, they probably squeeze it out into the larger ve.ssels so that f x-ra.s of 
such hearts arc taken no anastomo.ses arc demonstrated. As the hear s grou 
older the arteries become more sclerotic, less clastic, permit the infection fluid to 
enter, and the apparent anastomoses are shown which may actually have jcen 
present for many years. 


Dr. Libman, New York, N. Y.— There is no reason why a collateral circulation 
should not gradually develop, in view of the studies of Kusnctr.owsky and others 
that the coronary arteries begin to show changes from birth on. 


Dr. Thayer, Baltimore, Md.— I have been very much interested in what Dr. Con- 
ner has said. I have been much interested in the subject in general, and it seems 
to me that there are a good many sides to it. In the first place, if one wants to 
help an individual who has angina of effort, such as the patient of Dr. Conner, it 
seems to me the first thing one can do is to let the ^latieut know what is the mattei 
with liim. Tliat docs not mean to tell him he has angina, of course, that would be a 
stupid thing to do, but it does mean making friends with the man and telling him as 
well as 3’ou can what you think is tlie matter with his circulation. Tlicn it seems 
to me the next thing to do is to encourage him to feel that he can do certain things 
to improve his circulation very much. If I can, I usually put him to bed for a 
certain period but this is never done without combining it with massage. IN’ow 
generally when it is done, after a certain length of time the patient becomes 
greatlj’ encouraged to find that he is going through his days without the pain, 
and then, after a certain length of time, I nhvn3'.s begin — perhaps not quite so 
mgorously as Dr. Conner has — but I alwaj's begin with tbc setting-up exercises that 
were used in the U. S. General Hospital No. 0 for the treatment of tbc so-cailcd 
effort syndrome. I have often been quite amar.cd at tiic improvement one may get. 
I have in mind tlie case of a man of seventy who had been having five or six 
attacks every night, besides groat difTicultj' during tbc daj'. As be would not go 
to the hospital, he was put to bed at home and later was put on the graded exorcises. 
The old fellow went a j'ear or two actualh' witliout pain and has been able to con- 
tinue at his work for three or four j-cars. He learned, as these people do, that he 
could get rid of his pains to a- very considerable extent if be would regulate bis 
life. You can talk to a man for days and accomplisli nothing, but a demonstration 
teaches him how to live just as Weir Mitchell taught neurotics how to live by giving 
them a rest cure. 


Dr. Lee, Washington, D. C.— May I ask Dr. Conner if lie includes in these ex- 
ercises cases of previous ’coronary thrombosis, and if so, after what general neriod 
of rest time? 


Dr McCulloch, Saint Louis, Mo.— Dr. Conner’s presentation of this case has 
lougit out some ideas that are e.xtremely important, particularly the differentiation 
between sustained effort and the slight effort of short duration in producing pain. 
It has been pointed out recently by Bramwell and Ellis* that individuals with normal 

‘Quarterly J. Meet. 34: 329 , 1931 
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ho T respiration, circulation and heart muscle must 

be so conditioned as to carry on during the longer period of excessive effort. Tl,e 

supply of food material and an adequate removal of ivaste during this period It 
may be that this is of some importance in alloiving exercise for such patients as 
Dr. Conner describes because the circulatory needs of a patient rvith coronary 
tlirombosis or ivith interference in coronary flow from other causes may be com- 
parable to the person undergoing a marathon race; whereas, the patient with ob- 
structed flow through a heart valve may be comparable to a person undergoing a 
short sprinting .exercise. It seems to me, therefore, that the differentiation between 
these two forms of e.xercise is important and slmuld be kept in mind as Dr., Conner 
has pointed out. The explanation that might be offered for the difference in the 
response between the two exercises is that the reserve in the heart as well as the 


skeletal muscle cells may be used up completely in sustained effort without adequate 
provision for replenishment of materials or removal of waste through the injured 
coronary circulation. 


Dr. Conner, New York, N. Y. — I do not feel qualified at all to discuss the point 
raised by Dr. Marvin concerning Gross’ conclusions. I know' there is a difference 
of opinion and I am quite prepared to believe that such increase in vascularization 
may not be a universal thing, but it seems to me one cannot deny that the heart is 
capable of developing an elaborate anastomotic supply, otherwise I do not see 
how’ one can explain these cases that one sees occasionally, such as those that Dr. 
Wearn lias reported upon, of complete or almost complete occlusion of both coro- 
naries and yet W'ith the maintenance of fairly good health. There must be an 
elaborate anastomotic supply', as well as the increased use of the Thebesian vessels 
I should think. I am much interested to hear what Dr. Thayer has to say about 
the use of exercises. I have not attempted to discuss the many collateral things 
in the treatment, but, of course, I agree fully with Dr. Thayer as to the need of 
having the patients — if they are intelligent at all — understand the circumstances 
and understand the need of living within the limits of their capacity; but I am 
glad to know that he has been trying to work out in the same way that I have 
this matter of exercise. I neglected to say that I have felt that the selection of 
suitable eases was very important, and at the beginning I should not have thought 
that this man of seventy with evident myocardial change was a very suitable case, 
but as I have gone on, I have come to feel, apparently as Dr. Thayer feels, that 
even cases that have definite and serious myocardial damage can still be benefited 
by such exercise. To answ'er Dr. Dee’s question, I have not used the exercise at 
all in those people who have had definite coronary thrombosis and wdio have the 
after-pain. I do not quite know the significance of the pains that come after a 
coronary thrombosis. I have been inclined to associate them with the actual dam- 
age done by the thrombosis. It is possible, I suppose, that they may be merely 
anginal pains from some other arterial branch or branches that are sclerotic and 
are beginning to give their symptoms, but usually these post-thrombotic pains do 
not have quite the typical behavior of those of effort angina. 

De. Dibman, New York, N. Y.— In connection with Dr. Luten’s discussion of 
the subject of pain, I shall probably have time to indicate this afternoon tlm 
all of the proposed theories have truth in them but that they apply to di ere 
types of cases. I should like to emphasize the subject of contributory factors m 
coronary thrombosis. In 1919 I pointed out that patients who suffer from co o y 
tlirombosis may have a history of thrombosis in veins, and are liable to deve op 
thromboses in the arteries of the lower extremities and of the brain, often insi lous }. 

I indicated that there was something present apart from the disease of 
wall— especially as thrombosis may occur in a coronary artery slightly diseaseU a 
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plulia.” Eecently I fomul that a Y-ritov by the na«nc of Maaclc u 1 the ter 
"thrombophilic” for the same purpose (original papei not >e oc< ). 
linX^I believe to seeb along the line of metabolic aisturbanees for an ex- 
planation of the larger number of oases of coronary thrombosis. If one studies 
their histories and also the family histories, one finds many conditions present 
ivhich ive group as gout, typical or atypical, or as “gontiness ” In going over 
my records I find almost the same disturbances present as Allbutt found in Ins 
elaborate studies of families in Leeds, carried on for a long time. It is interesting 
to find that von Recklinghausen stated (not specifically in relation to tlic coronary 
arteries) that there exists a tendency to thrombosis in certain individuals, apart 
from circulatory factors, and that this is associated ivith metabolic disturbances 
such as gout and diabetes. A study of this subject should give us important clues 
in treatment and in prcyentioii. I might add parenthetically that I am of the 
opinion that the factors that predispose to coronary thrombosis also play a role in 
the development of atherosclerosis of the coronary (and other) arteries and of the 
nerve type of so-called angina pectoris. This ivould explain ivhy wc may encounter 
these conditions, associated and separately. 


Dr. Katz, Cliicago, 111. — In regard to Dr. Luton’s paper, emphasis ivas laid on 
the fact that spasm or constriction occurs in the coronary arteries clinically. The 
idea was based on the work of Aiirep and Scgall, which is contradicted in part by 
Wiggers. Anrep and Scgall computed the coronary intlow from the flow from 
the coronary sinus on the assumption that CO per cent of the total inflow was 
measured by the coronary outflow, a fact which Wearn has questioned. I there- 
fore wish to point out that there is no clear evidence that coronary .spasm or 
constriction occurs, or, at least, that it is of any significance clinically in causing 
impediment to coronary flow. All the changes met with in coronary flow, aside 
from those caused by organic lesions, can be readily accounted for by changes in 
blood pressure — especially the diastolic, Anrep has shown clearly that the most 
important determining factor for coronary florv is the aortic blood pressure. Any 
marked lowering of the blood pressure will cause an ischemia of the heart and thus 
cause pain and other symptoms, and may, as in a case which Dr. AVallacc and I 
reported, lead to deatli with the typic.al signs of coronary occlusion. There is no 
need to assume that coronary spasm occurs until direct evidence is brought for- 
ward for its occurrence, or until proof is given that changes in blood pressure 
cannot explain all the effects attributed to spasm. 


Dr. Luten, Saint Louis, Mo. — I am very much obliged to Dr. Libman. His re- 
marks go further back to ultimate causes than mine. Diabetes, of course, is par- 
ticularly associated with coronary sclerosis in tlie first place, but even so, certain 
patients with coronary sclerosis experience occasions of low diastolic pressuro with- 
out occlusion while others got occlusion under such circumstances. Dr. Libman ’s 
explanation would tend to account for tliis differenec. I do not mean to imply that 
gastrointestinal reflexes in causing possible coronary constriction are the prin- 
cipal contributory factors in occlusion. Most cases of occlusion occur at night, 
particularly in the early hours of the morning, when diastolic pressure is low I 
was merely offering evidence that such reflexes may constitute additional contribu- 
ory factors. One bit of collateral evidence lies in tlie work of Pearcy and Howard, 
ey produced extrasystoles and clianges in the ventricular complex by vis- 

tirlf K experience, of course, for disturbances in 

Inm-- T extrasystoles. Now, Pearcy and Howard are 

meed that this is not due to pressure but to a reflex. 
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Dr. Thayer, Baltimore, jNId. — I sliouM like to ask Dr TTpit) wi or 


Dr. Hein, San Francisco, Calif.—Tlie aortic ivall was smooth e.veept just at tiie 
point of rupture. It was decidedly thin; there was no arteriosclerosis of the as- 
cending aorta and no abnormality of the valves. Congenital weakness of the aorta 
may be one of tlie reasons for rupture, and in such eases apparently the rupture is 
witliiii the first 6 or 8 cm. of the ascending aorta. We all know that coronary 
occlusion may occur without pain, but we arc beginning to be a little suspicious of 
our diagnosis in those eases in which pain is not present. In the last two cases in 
which we made the diagnosis of coronary infarction in tlie absence of pain, our 
diagnosis was wrong. 


Dr. Thayer, Baltimore, !Md. — I should like to ask Dr. Eoberts if he is not able 
sometimes to extract from a colored patient, in ■whom he suspects angina, something 
which confirms liis suspicions: a fairly clear storj' of angina? I do not know that 
I can remember ever getting it myself, but I think since ■we have been very much 
interested in the subject in Baltimore we have been able, wlien we suspected it from 
the general story, to get something in that direction. I remember one woman with 
coronary’ thrombosis; there was not one word in lier history as written that sug- 
gested pain, but quite accidentally I happened to see the student who met the pa- 
tient as she came to the out-patient department; lie told me that she had com- 
plained of a toothache-like pain in her left forearm. And now and then I think 
one can get the equivalent of the story of angina from the patient. But anger 
animi and the clear objective description of the pains, one does not get. 

Dr. M. 1 VRVIN, New Haven, Conn. — I should like to ask one general question which I 
hope several of the speakers will answer, and that is wdiat their experience has been 
■with the use of the xanthine derivatives, namely metaphyllin, theocin and theo- 
bromine, in the treatment of this condition. My own experience lias been most dis- 
couraging; I am not satisfied that I have ever seen any benefit follow the use 
of any of these. 

Dr. Oppenheimer, New York, N. Y. — May I call attention to a certain parallel- 
ism betw’een exophthalmic goiter and angina pectoris from the point of view of the 
role of nervous and mental influences as an etiological factor? I happen to he con- 
nected with a New York hospital which is in a neighborhood in whicli tliere has 
been a large influx of negro population and of about 100,000 Porto Eicans, For- 
merly Graves ’ syndrome was considered rare in the negroes in New York City, 
but of late such cases have ceased to be rare among the negresses, and we have 
even had two negroes ■with exophthalmic goiter in the ward at the same time. 
Graves’ syndrome has also been observed recently in a few Porto Eiean women. 
In both groups, negro and Porto Rican, I am under the impression that industrial- 
ization under urban conditions is responsible for the apparent increase of e.x- 
ophthalmic goiter. Is it not the instability of the whole nervous system, more 
particularly, however, of the autonomic nervous system, which is an etiologie factor 
in the apparent increase of Graves’ syndrome and also of angina pectoris in the 
urban population? I should like to ask Dr. Eoberts whether he has noted Graves’ 
disease in the negro population in his neighborliood. 

Dr. Conner, New York, N. Y.— I must say a few words about the interesting 
paper of Dr. Roberts’, even though we may be a few minutes late. Almost the 
finest thing that comes from these meetings of ours are these frank and fu is- 
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„ssl.«s and «c n..st nil l.avc fell deeply ll.c elfeet ef U, lleLerin- "■»“ 1'"*”*”- 
" tl”r.-l.ole sebieet. It is entrnotdinn.T ll.nl end, diltcrenee, an he ..... . 
out should oecur in the diHovent tuees, tat I have no doulit they do oocni, nlthous 
they are perhaps not quite so positive as ve now tlniih. ^ 

No^v to go hack to the question of tl.e great inercasc in angnm and m coroiu 3 
thromhosis-I have no .vay of kno.’ing, 1 do not think anyhody knovs the re^^ 
situation. We get the impression that they liavc inei eased and it in.ij ■ > 

because ive have had a great admixture of races and great eliangcs in our civiliz.a- 
tion; hut I venture to say that Heherden, ivhcn he fir.st saw these cases and de- 
scribed them so beautifully, must have wondered, since no one had described them 
before, if the disease was not greatly on the increase, and if such increase was 
not tvYeault of the strain and stress of life in 176S as compared with that of a 
century before. 

Much of the apparent increase recentli’ must be ascribed, I think, to the fact 
that these conditions are now so widelj- recognized both in the profe.ssion and in 
the laity. 


Dr. Halsey, New York, N. Y.— By way of proof of the rarity of the disease 
in early days I might state that the records in New York City would indicate that 
no death occurred from heart disease from 1804 to ISOS. 


Dk. Roberts, Atlanta, Ga. — To begin with Dr. ^^arvin s question first I agice 
with the intimation in his question. 

To answer Dr. Oppenheimer I think 1 have seen only one ca.se of exophthalmic 
hj'perthj’roidism in a pure African. One should di.stinguish between the pure Af- 
rican and. the mulatto — there is a vast diffcrcuec, as Dublin, in bis statistics shows, 
in regard to their susceptibiltj- to disease. 1 think your point is well taken, and 
that as the negro turns from the quiet country districts to the city with its in- 
dustrialism we shall see the development of diseases in him that wc have not hereto- 
fore seen. I do see occasional exophthalmic hj-pertlij-roidism in inulattocs and, 
strange to saj', adenomatous hyperthyroidism in my experience is particularly rare 
in the full-blooded African. 

In regard to Dr. Thayer’s point, I distinguished carcfullj- in mj’ remarks be- 
tween the anginal s.vniptoms of coronarj- thrombosis and angina as we know it 
without thrombosis or evidence of lues. We may have been not so thorough as 
we might in getting the history. A negro is an individual from whom it is veri' dif- 
ficult to extract a correct history. But I certainly want to disagree witli the state- 
ments that the negro is not as susceptible to pain as a white. In inj’ experience ho 
is more susceptible to pain than tlie white. But the point in my mind is that while 
he has a very well developed susceptibility to pain and sensitivity to pain lie is 
lacking in the ability to wony unpleasaiitJj-. I w.as careful not to saj- that anginal 
pain does not occur in tlio full-blooded African, but to say only that wc bad not 
seen it. Such pain does occur in .association witli luetic aortitis. Although statistics 
are so unsatisfactory, I tliink the impression prevails, probably correctly, that 
angina is on the increase. I am sure that I Iiave seen more cases of angina during 
the Florida “boom” and subsequent to its collapse than 1 ever saw before, and 1 
think angina has been rather more prominent since a famous dav in November 
1929, in New York City than it was before. " ’ 


Dr. Eabinowitz, Brooklyn, N. Y.-Thc observation of Dr. Musser tbat in cor- 
onary disease the next generation suffers at a younger ago is also borne out in the 
sudies of cancer families that the cancer ivil] occur at a much earlier age than 

Of ’tT ! !>«« in enso. 
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speaking of arteriosclerosis, not 

r ft u'- l r\ T I cannot resist the tenrptation to 

sa^ that I think the habit of speaking of general arteriosclerosis has done more to 
confuse us and to cloud our understanding of the arteriosclerotic process than 
anything I know of, because arteriosclerosis is usually not general. It may he so 
ultimately in old age or with a long-standing hypertension, but arteriosclerosis- 
and you find such evidence all through the literature on the subjeet-is usually a 
local thing through all its earlier stages. Usually, too, it involves certain of the 
viscera, apparently often eliiefly one, for a long while almost to the exclusion of 
the others and certainly often to the exclusion of the peripheral arteries. I do not 
know^ of anything more misleading than to attempt to appraise the state of the 
arterial system as a whole by running over, a few peripheral arteries and judging 
it by their normal state or by their changes. It seems to me that it ought to 
be emphasized that arteriosclerosis is a focal thing to begin with, that in the 
viscera it often begins in very early life and may remain, as I have said, in one 
or a few viscera for a long time without any general involvement at all. . Then 1 
think with that conception we can understand liow it is that these people at 35 
or 38 or 40 years so often have tlieir coronary attacks, just as others have cerebral 
attacks, and still others develop changes in the renal arteries at an unusually early 
age. 


Dr. Katz, Chicago, III. — I should like to ask Dr. Wearn Iioav the adjustments 
take place in the Thebesian vessels, whether this requires time, or whether the 
change occurs at the time the patient has a coronary occlusion. 


Db. Eabinowitz, Brooklyn, N. Y. — ^Has Dr. "Wearn found greater enlargement 
of the thebesian vessels in cases of coronary occlusion than in apparently normal 
hearts? 

Db. WoI/FEBth, Pliiladolphia, Pa. — ^There are one or two points that might he 
raised here I think. Dr. Batson and Dr. Bellet, in maintaining a venous pressure 
at the normal level, were able to get particles of graphite deep into the coronary 
venous channels. Now, the only conclusion one can come to is that these particles 
had gotten down there by a reversal of flow, under the conditions of their experi- 
ments, which were of course, admittedly highly artificial, but they did get there, and 
occlusion of coronary arteries also produces an artificial condition. Now in the 
coronary arteries, when thej' are occluded, we liave two sets of channels, eoronarj’ 
venous channels and the Thebesian vessels. It seems to me that either one of these 
might function as tlie source of the blood and the other for the return of the 
blood; it might be one, or it might be the other. Now if one considers this 
problem from the point of view of the dynamics of the heart, it has always been 
difiicult for me to understand how blood would get in through the Thebesian vessels 
to nourish the heart. Dr. Wearn dismisses the work of Dr. Batson and Dr. Bellet as 
offering an unlikely explanation of this, but I should be very much interested to 
hear what pressure differences he believes develop in the ventricles which are 
superior to those which may arise from the auricle to get blood into the myocardium. 
Certainly, after systole begins one would think that the pressure within the 
myocardium itself would be at least equal to that of the intraventricular content, 
which would seem to me to be not a very favorable dynamic set-up for blood to 
enter through the thebesian vessels. 

Db. Wearn, Cleveland, Ohio.~I have been asked a great many questions that I 
cannot answer. So far as I know, the answers to most of them are not known a . 
the present time. Dr. Kate asked if there is a sudden change in the Thebesia 
vessels when they take over the function of the coronary arteries. The answer to in 
question would require knowledge of the size of the vessels before and after deatn. 
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I know of no way of getting such infonnalion. Even if one could look into the 
cliainbers of an intact licart the Thebesian vessels could not be seen. Their openings 
arc nsnallv buried beneath the trabeculae in the walls of the chambers. The fact is, 
if facts can be arrived at by deduction, that in the two cases cited, the thebesian 
vessels wore the only channels by which the myocardinin could get its blood supply 


under sulliciont pressure to maintain it. 

Now do the Thebesian vessels grow larger ? Again I do not know. I do not know 
of any way of finding out, because you have not got them beforehand or afterward. 
They vary in size tremciidously, from sonic with an opening of half a niilliineter 
to those that arc almost microscopic. You cannot see some of the openings and 
yet in injecting the hearts, one sees the dye ooze out through these particular places. 

Some one else asked, “What blood pressure can the Thebesian circulation main- 
tain?” I submit the two c.xperimeiits to you, the heart of the woman with the 
luetic aortitis and that of the sailor, both of whom had complete closure of their 
coronary arteries and ivho had blood pre.ssure enough to work and earn a living. 
The sailor could pull a rojic on a boat and carry an armful of awning rods up a 
stepladder and put them up. That is suflicieiit, I should think, to show that the 
Thebesian circulation can maintain a normal blood pressure. 

Dr. Wolferth ’s question brings up points on which opinions dilTor. Batson and 
Bellet's experiments have shown the prc.scncc of particles, injected into the femoral 
vein, in the cardiac veins. They believe that the particles got into the veins as a 
result of back flow from the riglit auricle, and from this evidence they conclude that 
back flow through the veins may furnish blood supidy to the heart muscle. 

1 shall not attempt to explain how their particles got into the heart veins, but 
their conclusions are not acceptable to me. Their claims rest on a blood supply to 
the heart nuiscle, supported by pressure developed in the right auricle. Tlie right 
auricle is capable of maintaining only a very low pressure. 

The Thebesian vessels, on the other hand, open directly from the ventricular 
walls, and blood entering them would be under full ventricular systolic pressure. 
I have shown you actual histological sections which prove that the thebesian vessels 
open directly into the capillary bed. In other words they offer more direct channels 
to the capillaries than do the coronary arteries. 


Dr. Katz, Chicago, 111. — What was found at tlie autopsy in those cases of 
angina pectoris that died? 

Dr. Luten, Saint Louis, Mo. — May I ask Dr. White if he follows a more or less 
invariable rule as to tlic length of time he keeps a patient in bed after occlusion, 
even though all the evidence may indicate that the occlusion was in a small 
artery? 


Dr. Bouev, Boston, Mass. — Is it not possible that some, perhaps many, of the, 
more severe attacks of angina pectoris are due to thrombosis occurring in the 
finest branches of the coronary artery? The attacks are not severe enough to cause 
pericarditis, Icucocytosis or even mild collapse. We know from hearts injected 
by Louis Gross and others that many of the old licarts show a great diminution in 
the finer branches of the coronary tree and they have probably become thrombosed. 
It IS right to say that patients die of angina pectoris? Is not angina pectoris merely 
a symptom of some otlier condition? 

Dr. Talley Rultvdelphia, Pa.— I have been interested in Dr. White’s mention 
of respiratory difficulty without pain. A recent patient had no pain but sudden 

.n .»c ..,o „,g„t of 
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■tlmt almost eiuled his existence. It was necessary to keep liim on one floor for si.x 
months before ho could do one flight with comfort. Since then he leads a com- 
fortable but somewhat restricted existence. 

Dr. Morrison, Boston, Mass. — I should like to ask if the degree of fall in blood 
pressure in acute coronary occlusion is of any pi-ognostic value. 

Dr. McGuire, Cincinnati, Ohio. — Have you any theory regarding the mechanism 
of the transient hyperglycemia which one finds following coronary occlusion? Have 
you observed a similar rise in the sugar content of the blood in cases of angina 
pectoris in which you believed tliat tlie coronary arteries were not occluded? 

Dr. White, Boston, Mass. — Some of these are hard questions. As to the post- 
mortem examinations in our cases proved not to liave coronary thrombosis, we have 
sometimes been astonished by the small amount of coronary disease or obstruction. 
Some of the patients, however, who died during an attack of angina pectoris had 
apparently good heart muscle with fair coronary arteries, and it is a mystery why 
they should have died. 

Dr. Kobey asked the question, '‘Do patients actually die of angina pectoris?” 
They die during an attack but we do not know wbat the mechanism of death is 
as yet; it is an interesting problem to be solved some day, but it is a considerable 
mystery. The death is not, apparently, like that of the Adams-Stokes syndrome with 
loss of consciousness and convulsions. Patients with angina pectoris die more quickly 
than that; they do not continue to live and have convulsions but they die at once. 
Why they die is a question that has not been answered; at least tliey die during 
attacks of angina pectoris. 

As to whctlier smaller attacks of coronarj* thrombosis may occur to explain some 
of the severer attacks of angina jicctoris, I do not think wc can answer that. It 
is probable that minor thromboses can occur without reactions of fever and leu- 
eocytosis of any important degree, but generally it is easy to distinguish between 
the two, that is between angina pectoris and coronary thrombosis. 

The length of time that I am accustomed to keep patients in bed after attacks 
of eoronarj’- thrombosis in tlie absence of any unfavorable signs or symptoms is a 
minimum of three weeks; if they have any unfavorable signs or sj'inptoms, I re- 
quire a longer rest in bed, sometimes months. We cannot be too careful and many 
people feel fliat three weeks are rather a short time. This depends on the individual 
case. There must be a long interval of convalescence; probably a few months of 
almost absolute rest at the beginning is a wise procedure if we want to establisli 
a firm scar. I dare sa}' that my minimum of three weeks maj’’ seem short, hut some 
of my patients who are doing very well and who have survived for many years went 
througli the relativolj’ short period of absolute rest of two to three weeks followed 
by a convalescent period of some time after tiiat before returning to luodeintc 
activity. Too long in bed is bad for the morale. 

Diabetes was not common in iny series, although it is occasionally found with 
angina pectoris; if we take a group of diabetic patients, we will find that angina 
pectoris is fairly common among them but diabetes is not corresponding!}’ so com- 
mon in groups of angina pectoris or of coronary tlirombosis. I have little or no 
knowledge of the blood sugar content during coronary thrombosis. 

The degree of fall in blood pressure is pirobably of some importance in cases o 
coronary thrombosis. It is of immediate importance, if extreme, in some patients 
who die very soon after the attack. A very low blood pressure lasting for weeks 
I think we may consider a bad prognostic sign, but many of my patients who sur- 
vived for years had a considerable drop in pressure at first with a return to normal 
after a few hours or days. 


Book Review 


1IEI5Z - UKD KlUClSLAlTFINSUFFI/UCXZ. ElX KtTnZKP SySTF.M ni;U STiMUINCKN 
ur Kreisfaffaffahat. V»y Dr. K. F. WonckcbRcli. DIM. Yoi.slaiu^ 
dcr 1. Mcaizinischen DniYcrsitiitsklinik, Wien. 120 Soitou. :\r)t / 
Abbilduiijren. Dresden nnd Leii)zifr. Verla- von Tlieodor Sleinkopf, 
1931. 

In view of the over increasing mass of. medical literature, it is (luite 
l)roi)er to inquire whether a particular new i)ublieation is .iustitied and 
will fulfill a need. If one api)Iies this test to the admirable monograph 
by Wenckebach, one may answer the (pieslion unequivocally in the af- 
firmative. If is necessary for teachers of medicine to present the results 
of laboratory investigations and their clinical scientific obsersations in 
such a form that he who runs (i.e., the ]»raet it inner ) u'll/ read, under- 
stand and ai)ply the new knowledge in his jiraclice. Wenckebach has 
had this objective constantly before him and has reviewed the recent ad- 
vances made in the clinical science of the circulation in an admirably 
sim])lc way. It is noteworthy that he has been willing to tollow the 
trend of the times in cardiovascular disorders and turn his attention 
from arrhythmias which were tin* main subject of the brilliant in- 
vestigations of his earlier career to the hydrodynamics and mechanics of 
the circulation as a subject of contemimrary interest with which the 
general practitioner lias not as yef familiarized himself. IMoreover, his 
viewpoint has been broad, his critical judgment excellent, and in his 
references to the literature he has done justice to the English, Ameri- 
can, Dutch and Belgian workers in this field. 

The monograph opens with an imiiortant introduction on the effects 
of local obstruction or interference with the blood stream, and a con- 
sideration of the reasons for the violent opposition of James Mackenzie 
to the “back-pressure” theory. Following this, the dynamic laws of 
the heart are discussed, and here a more elaborate exposition, even at 
the expense of more s])acc, along the lines of Stai'ling’s Linaere lecture 
on the “Law of the Heart” would have helped to elucidate this rather 
difficult subject. 

The subject matter of the monograph propci- is divided into two main 
parts, both dealing with the laws of cardiac and circulatory imsutficicncy. 
In the first jrart arc described the hydro-mechanic and dynamic conse- 
quences of various obstructions to the circulation, “Ceteris Paribus,” 
i.e. other conditions, however, remaining the same; whereas in the sec- 
ond part entitled “Ceteris non Paribus,” those factors are discussed 
which may alter or entirely change the events in the mechanism of the 
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circulation described in the first part — irrespective of whether such 
factors are helpful or detrimental to the circulation. 

In the first part Wenckebach discusses disturbances of circulation of 
cardiac origin, including left heart failure, stasis in the pulmonary 
circulation, disturbance of the right side of the heart such as, right 
heart failure, reciprocal relation of pulmonary congestion and hepatic 
congestion, reciprocal action of hepatic and renal congestion, .tricuspid 
insufficiency, auricular fibrillation, the type of stasis due to pericardial 
disease, and circulatory disturbance resulting from equal damage to 
both sides of the heart. Then under the general topic of obstruction 
in the greater circulation, Wenckebach takes up the involvement of the 
large veins, and of the smaller and smallest veins, the phenomena of 
collapse and of shock, the capillaries, the arterial system including 
blood pressure, hypotension, hypertension, Hochdruckstauung (conges- 
tive hypertension) of Sahli, Stauungshochdruck, Heberden’s angina 
pectoris, eoronaiy circulation, and the reciprocal action of aortic and 
pulmonary congestion. 

The second part of the monograph, with its caption, “Ceteris non 
Paribus, ’ ’ is devoted to a discussion of other factors which may modify 
the dynamics of the circulation previously described. The following 
are among the subjects treated: mechanical aids to the circulation, 
water exchange, metabolism, edema, metabolism and circulatory in- 
suffieienc3q minute volume, stroke volume, ox.ygen debt, blood volume, 
short circuits in the circulation, velocity of circulation and cyanosis, 
cardiac rate and rhj'-thm, digitalis therapy, dj^spnea and its relation to 
the respiratory centre. 

In one word, the book is a review of the contemporaiy views on the 
circulation and circulator.y failure, written for advanced students and 
practitioners bj'’ an investigator and teacher of medicine who has him- 
self taken an active part in the astonishing progress made in the study 
of the heart from the time when the chief interest was concentrated in 
the arrhythmias to the present period when the djmamics of the cir- 
culation as a wffiole appears to hold the centre of the stage. In this 
work Wenckebach has tried to bridge the great gap between the clinician 
and the experimenter, and believes the two maj’' meet and bj'^ cooperation 
may make still further contributions to science, to the benefit of the 
practice of medicine. 


B. S. 0. 
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CONGENITAL MEDIAL SCLEROSIS OF THE CORONARY 

ARTERY^' 

R. AV. ICissAXE, ]\I.D. 

CoLE'Mnus, Ohio 

R. S. FinEER, jM.D. 

Sprixgeieed, Ohio 

T hat medial sclerosis was to he clearly differentiated from atlier- 
omatosis of the intima, was recognized by Virchow/’ - who described 
it as most frequently found in the peripheral arteries; but nevertheless 
it was included in the description of arteriosclerosis by Oberndorfer/ 
Jores/ Aschoff/ Kaufmanu/ and Saltykow.' However, it was iMoneke- 
berg®’ and Marehand,^’^ who emphasized pure ealcilication of the 
media as an independent condition. Tliese cliangos were also found to 
be present in the large arteries and coronaries, even in infants following 
infection.^- =’> The literature on the occur- 

rence of spontaneous arteriosclerotic changes in the arteries of I’abbits 
has been summarized by Newburgh and Clarkson,-® and by Nuzum, 
Elliot, Evans, and Priest,-® who described one type consisting of necrosis 
and calcification which appeared to affect the media. In the attempt 
to produce experimental arteriosclerosis, changes in the media have 
been reported by numerous workers using various methods, such as high 
protein and fat diets, adrenalin, pituitrin, cholesterol, uranium, alco- 
hol and potassium iodidey®’ ®®’ ®® 

also the discovery of irradiated crgosterol was soon followed by the 
description of medial calcification in animals after administration 
of large doses of this substance.*®’ '‘®’ *’’’ ®" Pathological 

changes such as these have been reported in infants and newborn ba- 
bies,*®’ 51 . -^ 2 , some of them bear a sufficiently close similarity to 

the ease herein reported to warrant reviewing. 

McMicheaP® described the case of a child eighteen months old, dying 
of thro mbosis of the superior mesenteric artery, who also showed fibrous 

Department of AVhite Cross Hospital. Columbus Ohio and 
^ ological Department of the City Hospital, SpringrUeld, Ohio. 
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elianges in the coronary arteries of the heart. This case was a gentile;- 
family history including Wassermann reactions of both parents was 
negative. The infant had had no previous illness, and the terminal 
illness was ushered in by fever and mild gastrointestinal disturbance. 
At autopsy the heart was not found to be enlarged, but the coronaries 
were thickened and dense. Upon section they showed great connective 
tissue proliferation external to the elastic lamhia with narrowing of 
the lumen; tliis condition was not present in the smaller arterioles. In 
the heart wall there was a loss of muscle tissue with replacement by 
fibrous tissue. Thrombo-angiitis obliterans and periarteritis nodosa were 
excluded because of the complete absence of any involvement of the 
adventitia. Although there was evidence of tuberculous infection in 
this ease, it was not considered as an etiological factor, and the process 
was regarded as an endarteritis due to acute or subacute infection of 
an unlniomr nature. 

Hughes and Perry®-"* report a case of a child seven weeks old who 
died suddenly and at autopsy revealed marked thickening and tortuosity 
of the coronary aideries, while tlie rest of the heart appeared normal. 
There was intimal thickening composed of loosely arranged fibrous con- 
nective tissue, and the media was almost completely calcified, with 
only very broken fragments of muscle fibers, while the adventitia 
showed some increase in filDrous tissue. This change was also confined 
to the large arteries, while the arterioles were normal. The family 
history was negative, except for an attack of influenza in the mother 
during her pregnancy. Her Wassermann reaction was negative. Our 
opinion is that this was a case of primary pathology in the media, 
probably due to intrauterine influenza, similar to those cases reported 
by Wiesel.^^’ Durante case was a premature child, fifteen 

days old, who died of acute peritonitis folloAving an umbilical infection. 
The etiology in this case cannot be determined because of the lack of 
information regarding the parents, but syphilis, tuberculosis or alcohol 
might be factors. Histological examination revealed the myocardium 
to be normal, but there Avere lesions of all degrees, from granular de- 
generation to well-formed calcareous plaque, in the inner third of the 
media of the pulmonary artery. The external tunic was normal and the 
internal tunic probably became detached spontaneously after death. 
In the less severe^ affected regions there Avas a granular condition 
of the tissue, the cells of Avhieh stained diffusely and were less clearly 
separated from each other. The nuclei stained Avell but a granular 
substance deposited in the protoplasm or in the interstitial tissue masked 
the outline of these cells Avhich appeared to be degenerating and had 
lost some of their affinity for stains. At the points where the lesion 
Avas more adA^'anced, the tissue Avas infiltrated Avith masses which had 
an irregular outline and either remained unstained or were stained 
pale yelloAv VAuth picrocarmine, and dark violet Avith hematoxylin, and 
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yellow wtii picric acid. These masses were insoluble in ether and in 
some places replaced the muscle cells. It was impossible to determine 
whether they were due to a transformation of the cellular elements oi 
whether they had been deposited between the cells, although Durante 
is inclined to the latter hypothesis. In the slightly affected regions the 
lesion was clearly limited to the internal third of the media, and at 
the points at which the lesion reached and projected into the interior 
of the vessel, the intima ivas always intact and at no point were there 
any traces of rupture. The aorta showed similar changes. Our opinion 
is that this is a case of primary medial calcification or hyalinization of 


doubtful etiology. 

Surbeld® reports an autopsy of a newborn infant three daj'^s old, in 
wliich were found, as a result of an intrauterine diplococeal infection, 
fresh fibrinous pericarditis, acute splenic tumor and nephritis witli 
chronic foci of inflammation. The mother had a chronic otitis media 
ivith an acute exacerbation; her "Wassermann reaction was negative, 
and no spirochetes could be demonstrated in the child’s liver. There 
was an extensive calcification of numerous organs with a predilection for 
the arteries. These changes found in the arteries may be summarized 
as a high degree of calcification of the media with formation of gran- 
ulation and connective tissue in the region of the calcareous focus, 
chronic inflammatory infiltration in the adventitia and localized com- 
pensatory intimal proliferation without intimal degeneration. There 
were no inflammatory or degenerative changes found in the media 
which were not associated with calcification. The inflammatory changes 
in the adventitia went parallel, in extent and intensity, Avith the cal- 
cification in the media, so that it cannot be stated whether they were 
the result of the medial calcification or the direct result of the in- 
fection. Surbek thinks that the first is more reasonable, and that the 
condition was due primarily to a disturbance of the calcium metabolism 
which was expressed in the calcification of the arteries and various 
organs. 


The autopsy reported by Jaffe"® was that of a boy two days oh 
whose mother suffered from severe hydramnios during pregnancy, bu 
nothing else of importance was given in the history. A study of th 
vessels revealed a necrotic process localized chiefly in the inner hal 
of the media, and affecting chiefly its muscle fibers. The necrosis wa 
associated with calcification. The elastic tissue within the foci wa 
largely destroyed and partly calcified, while the elastic fibers of th 
surrormding region had lost their Avavy. appearance and were peculiarl 
s raight. It is the opinion of Jaffe that the process in this case wa 
c '“fly a necrosis which hod later undergone ooleifioation. and that i 
vs simdar to the Tasciilar affections occurring in the course of aout 

m!nf Jt! Wiesely. =•. r. There was no involte 

ment of the intima or adventitia in this ease. 
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A newborn white gentile male, delivered by cesarean section, died at the a^c 
of three days, following intermittent attacks of cyanosis and apnea, during which 
o.ygen and artificial respiration were employed. The family history as well as the 
Wassermann reactions of both the mother and the father was negative There were 
no previous illnesses of the mother. At e.vamination before death, marked cyanosis 
and moderate dy.spnea with frequent periods of apnea were noted. The left border 
of the heart dullness was 3.5 cm. to the left of the midsternal line while the right 
was 3 cm. to the right. The heart rhythm was regular and the rate 140. The 
Wassermann reaction on the spinal fluid was negative. Teleroentgenogram revealed 



Fig. 1. — The R-T segment L^ad I slightly convex followed by pointed inverted T-waxe. 

The P-wave is also inverted, rate 166. 

an inside chest diameter of 9.8 cm. with a transverse heart diameter of 0.4 cii^ 
The electrocardiogram (Fig- 1) revealed a regular rliythm, rate 166, nith inic 
P- and T-waves in Lead I. The E-T interval in Lead I appears to he convex an 
followed by a pointed negative T-wave. At autopsy, eighteen hours ’ 

the body was found to be that of a well-developed, newborn male child. > 
bodv had not been embahned but was well preserved on ice. There was a mo era 
amount of livor mortis but no evidence of rigor mortis. There were no ma 
formations or other special marks of identification aside from the usual partia 
dried stump of the umbilical cord. Upon opening the body, no pathological cbang 
were found in the abdominal cavity. In the thoracic cavity, scattere 
petechial hemorrhage were found in the parietal pleura. The lungs were - 

expanded and showed scattered areas of fresh hemorrhage into the lung parencl. 
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Fig. 2. — Tlie right anterior aspect of the heart sho%Ying the prominent, whitlsli and 

tliiciccncd right coronary artery. 



mal lumen ana tunica tntlma* 'rite^rcnlapen'e'^f^'^? coronaty arteiies. Note the nt 







138 


THE AHERICAH HEART JOURNAL 


and sn aUer hroncluoles. The thjnnus .vas normal in size. The pericardial area 
..as enlarged, measnnng six and one-half centimeters in transverse diameter. Upon 
opening the pericardial sac it .vas found to he smooth, free from petechial hemor- 
rhages and to contain the usual amount of clear tluid. Inspection of the lieart in 
situ showed it to be slightly enlarged and to liare an unusual degree of coronary 
prominence. The coronary arteries, especially the right, were opaque, .vl.ite in 
color, almost cordlike, quite prominent but not tortuous. Upon palpation they 
.vere quite firm and eordlike (Fig. 2). Upon removal and opening the heart no 
abnormalities were found. The foramen ovale .vas closed. Cut section of the 
coronaries revealed no occlusion by thrombi or obliteration by intimal thickening. 
Tlie intinia upon gross examination .vas quite smooth and free from lipoid deposits 
or other evidence of thickening. Tlie hrmness and thickening appeared to be 



Fig. 4 — Picro-acid-fuchsin stain of tlie thickened coronary. Note tlie normal inUmal 
layer, the marked connective tissue formation in the media and the normal adventitia. 


within the medial layer of the arteries. The brain revealed no pathological changes 
and the cerebral arteries were entirely normal. 

Microscopical sections prepared from the thickened coronary arteries and stained 
.vith eosin-hematosylin and picro-acid-fuchsin stains showed definite changes in the 
medial layer. With the eosin-bematoxylin stains (Fig. 3) the endothelium could 
readily be identified and subendothelial tissue .vas lacking, .vhile the inner elastic 
membrane was present througbout and was folded in the usual manner by the post- 
mortem contraction of the vessel. The tunica intima was therefore considered 
normal, showing no thickening or deposits, and the lumen was open and normal. 
In the medial layer the muscle cells could be easily identified just external to the 
inner elastic membrane, but passed rather abruptly into a zone of poorly stain- 
ing, almost hyaline-like degeneration, which zone produced the great thickening 
noted in the gross specimen. The tunica externa .vas normal, and in none of the 
sections eonld evidence of cellular infiltration or of infection be found. The sec- 
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A, • fnelisin (Fig. 4) also revealed tl.e intimal layer 

tions stained rvith the changes were noted. The 

to he entirely normal, but rvithm t throughout in a 

circular and oblique muse es membrane, staining a pure 

thin layer immediately l„yer rvas invaded to an ab- 

yellow. The external portion o formed a zone corresponding 

normal extent by red staining connective TMs zone of 

to the poorly stained zone above J-cribed extein^ to the muscle. 

T^L^ ot calcitotioA nitl.™ ms SOAC. The tunica erferua f.™ca a 



Fig. 5. — Medium power view of a section of heart muscle supplied by the thickened 
coronal-}' branch. Note the edema of the muscle and loss of normal striations. 


definite layer external to this and consisted of the usual number of longitudinal 
elastic fibers throughout which were the normal number of apparently unchanged 
longitudinal muscle colls. There was no cellular infiltration or cellular accumula- 
tions in the adventitia. Sections examined from the myocardium of both ven- 
tricles in the areas supplied by these coronary arteries showed a diffuse edema of 
the muscle cells with certain areas of hydrops and loss of striation (Fig. o). The 
smaller branches of the coronary arteries within the mj'ocardium were free from 
pathological changes. The diagnosis of congenital noninflammatory medial sclerosis 
of the coronary arteries was made. 

For the purpose of comparative study the normal heart of a newborn infant 
was obtained at autopsy. The coronary arteries were not found to be prominent, 
opaque or cordlike, and the walls were thin and could readily be collapsed by the 
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slightest pressure. Microscopical sections were prepared from these normal ar- 
teries and stained with eosin-Iiematoxj’Iin (Pig. 6) and picro-acid-fuclisin (Pig. 7 ) 
stains. The endothelium could readily be identified, and immediately external to 
this was the folded inner elastic membrane. The subendothelial tissue was lacking, 
thus making the tunica intima thin and distinct. In the tunica media the muscle 
cells were abundant, well stained, and formed a thick layer which was only 
sparsely invaded by elastic and connective tissue cells. The circular and radial 
elastic fibers Avere fcAV in number and were not increased toward the tunica externa; 
The tunica externa consisted of longitudinally arranged connective tissue and 
elastic fibers, intermixed Avith an occasional muscle cell, and there Avas no definite 
formation of an external elastic membrane. 



Fig:. 6. — Eosin-hematoxylin stain of a normai coronary artery. Note the well-formed 
muscle cells in the media and the small amount of connective tissue. 

PATHOLOGICALr DISCUSSION 

This discussion is limited to those conditions in Aviiieh the pathobgical 
changes immlA'^e the media primarily, disregarding atheromatosis and 
changes of the intima and adAmntitia AAdiich only invoh^e the media 
secondarily.®" The characteristics of these medial changes are coii- 
iiectiA^e tissue formations, calcification, fatty infiltrations and toxic an 
inflammatory degenerations, Avhich are characterized b.r hyaline an 
■ amyloid replacements and AAdiich may be folloAi’cd by calcified scars. 

Degenerative changes varying from simple edematous infiltration to 
marked necrosis Avith complete disappearance of the elastic fibers have 
been frequently found folloAAdng infectious-toxdc diseases, such as scar- 
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Fig.. 7. — Picro-acld-fucli.sln .stain of a normal coronary. Note the normal tlilclcni'.s.s 
of the medial layer anil few comieetlvc tl.ssue cell.s. 


and hyaline changes, while others consider tlicni to he jircceded only 
by the hyaline changes.''-” Wiedennnnir''* believes that the process 
.starts in the adventitial lyin])h sheaths and involves the media later. 
The mobilization and deposition of calcium in the media duo to iiyper- 
vitamiiiosis have been frequently observed, and, fol- 
lowing irradiated ergosterol, necrosis of .smooth and striated muscle in 
tlie idt is leportcd.-'' Kreitmar and Moll"' helievo that hypervitamiiiosis 
produces a mobilization of calcium, in which process calcific deposits 
develop in necrotic mu.selc foci, in hcaltliy lieari muscle and in other- 
wise unchanged clastic fiber, and they also demonslrato tlial tlio iiccro.sis 
and calcification produced in arteries by vigantol is in realitv true 
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medial ealcmcation and is sharply difeerentiated from intimal sclerosis. 

Calcification of the primary type always begins in the media between 
the muscle cells and consists of the laying dowm of calcium granules 
ndth the later replacement of the muscle fibers.-’" The muscle fibers are 
at first well preserved between the foci of calcium, and it is assumed 
that they degenerate secondarily."" This is true of the medial sclerosis 
of Monckeberg in which there is usually no intimal change, although the 
intima may become stretched over A\ddc calcified areas in the media, and 
has definitely been difterentiated from arteriosclerosis bj^ hloncke- 
berg®- "" and by Fischer.®" If -we exclude hypervitaminosis -with mo- 
bilization of calcium from the list of iiossible causes of this type of 
calcium deposition, wc are led to the conclusion of Mallory®® that the 
process is one of metaplasia of the fibroblastic elements. Orliansky"® 
states that calcification of the medial layer of the coronary arteries is 
rare, while Monckeberg®’ •'> "" found it freciuently, especially in the left 
coronary artery, beginning early in life. 

The medial necrosis followdng infection"®’ "" and reported in 
the cases of Jatfe"" and GselF® is described as similar to the changes pro- 
duced by Josue®"’ ®® with the intravenous injection of adrenalin. The 
lesion is primarily localized in the media in its inner twm-thirds and 
begins with fatty degeneration of the muscle cells and elastic fibei-s, 
and it is assumed that the fat arises from the broken do^vn muscle cells 
and is follow’ed by calcification.""’ ®®’ ®® The intima and ad- 
ventitia do not show changes. Dominguez®® finds that spontaneous 
medial necrosis can also be produced in rabbits by uranium poisoning 
and that in such cases adrenalectomy did not prevent the development 
of the lesion. 

Fatty degeneration in the media is common, occurring early in child- 
hood and even in suckling infants.®" The media of the smaller arteries 
of the brain, is especially prone to such change. This lesion is described 
as being the beginning pathological change in the sclerosis of Moncke- 
berg,"® necrosis due to adrenalin,®"’ ®®’ ""’ ®® intoxication from alcohol and 
phosphorus, and the calcification from irradiated ergosterol.®® 

Connective tissue formation in the tunica media is usually inflam- 
matory in origin, as in the ease of McMicheal.®" The case herein re- 
ported falls into this group but is unique in the entire absence of any 
infectious process, neither did it show fatty degeneration, necrosis, 
cell infiltration, or calcification. The case of congenital sclerosis re- 
ported by Hughes and Peiry®® is described as having a thickened in- 
tima and therefore is not considered primary medial sclerosis, while the 
ease presented here showed the intima not to be involved. It is interest- 
ing to speculate as to whether this is not an early type of Monckeberg 
medial sclerosis of the coronary arteries, in which the change is only one 
of hyaline and connective tissue, and in which further development o 
the process would result in calcium deposition within tire tunica media. 
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The clinied flmlh.gs ot Davoxy^al and apnaa nith ,™d- 

crate cardiac cnlarecn.ottt, and an f '' n nt in 

convex E-T interval foUoned by a al.arp pointed )H.galno l-n.ne n 
Lead I, suggest a possiiile method of diagnosing lilts condition befole 
dcatli. The T-tvavc in Lead I is very similar to the coronary T-tvatc 
described by Piirdce.”" This condition is present Jirobnbly more tic- 
nnently than a revieiv of tlie literainre would suggest, and all eases 
of the so-called congenital idioi>alhic cardiao hyporlro])hy sliould be 
investigated for those pathological findings. 


COXCt.USIONS 

1. A case of congenital medial sclerosis of the eoronan artel ies is 
reported with a review of the literature. 

2. The process is noninflammatory and is eharaeterized bj a ])iiin.ii.' 
medial thickening, confined to the larger coronary branches. 

3. The process is probably an earlier stage than those jireviously 
reported. 

4. The electrocardiogram shows a T-wave similar to that seen in 
the more familiar types of coronary sclerosis. 

5. Tlio name of eongonilal medial .sclerosis of tlio coronary arterie.s 


is suggested. 
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RHEmiATIC HEART DISEASE: 

I. IxCIDEiSCE AXD RoEE Uf THE CaUSATIOX OP DeaTH. 
A Studt of 0.215 Coksecutive Necropsies^' 


David DA^^s, M.D.. aicd Sosia Weiss, M.D. 

Boston, ]\Iass. 

I ^HE incidence of heart disease may be determined hy examining 
a large series of nnseleeted post-mortem records and correlating 
this data ivith that concerning the clinical course of the illness. >Such 
a combined morphological and clinical study is particulaxly essential 
to an accurate estimation of the incidence and importance of rheu- 
matic heart disease, for statistics based on clinical studies alone may 
fail to include a considerable number of cases. Without a correlation 
of both clinical and morphological findings it would be difficult also 
to determine the degree of the cardiac damage caused by rheumatic 
fever. Furthermore it would be difficult to differentiate the various 
types of acute valvulitis, such as rheumatic, subacute bacterial, or 
malignant endocarditis. Thus, in the present study of the mcidence 
of death from rheumatic heart disease it would have been impossible 
to classify approximately 30 per cent of the cases from the autopsy 
records alone. 

It is eoRceirahle that rheumatie fever may cause cardiac damage 
of such slight degree as to be unrecognizable on moriihological exami- 
nation. If cases of this type do occur they Avould obviously not be 
revealed by the present analysis. 


METHOD OP INVESTIGATION 


The material on which the present study was based consisted of 5,21o 
consecutive necropsy records from the Department of Pathology of 
the Boston City Hospital, covering a period from 1905 to 1929 inclu- 
sive, and compiled xmder the direction of Dr. Pranh B. Mallory. These 
records represented gross and histological studies by various members 
of the staff. Each autopsy record had been reviewed by Doctor Mal- 
lory and the junior pathologists. Rheumatic and allied lesions were 
described without any attempt to classify or interpret their etiologj . 
The term ‘‘vegetative endocarditis” appeared frequently in the final 
anatomical diagnosis : the term “rheumatic” was seldom used. The 
problem of etiology, therefore, was not influenced by the morphologi- 
cal diagnosis but was determined from the combined available data. 


*Froin the Thorndike Xlemorial Laboratorj- and the Second 

Boston Citj- Hospital; and the Department of Medicme, 

Diversity, Boston, Mass. 
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No microorganism or imnmnqlogical reaction lias been found to be 
cliaracteristie of rheumatic fever or of rheumatic heart disease; anc 
as the clinical course and structural changes in the heart vary con- 
siderably, the diagnosis may present difficulties even when all aval - 
able data have been studied. This is particularly true m the milder 
fonns, which, as is true in other infectious diseases, may well occur 

more frequently than is suspected. . • t 

The few studies in the literature which report the incidence o± 
rheumatic heart disease give no description of the method used in the 
selection of cases. It is possible that several important considerations 
were neglected in these studies. We had so much difficulty in dis- 
tinguishing the rheninatic eases from cardiac diseases of other etiology, 
that a summary of the procedures followed in this selection seems 
essential. 

The autopsy records were examined for such evidence of rheumatic 
heart disease as cardiac enlargement, acute or chronic pericarditis, 
myocarditis with Asehoff-lilce lesions on micros eojii cal examination, 
acute valvulitis, chronic valvular sclerosis and associated sclerosis and 
shortening of the chordae tendineae and papillary muscles. Records 
showing sufficient evidence of rheumatic etiology were then correlated 
with the corresponding clinical data. The clinical aspects emphasized 
were: the age of the patient; a histoiy of rheumatic manifestations, 
such as characteristic arthritis, choi'ea, and repeated attacks of severe 
tonsillitis and fever ; the duration and character of the illness ; and 
any clinical evidence of the existence of cardiac lesions or eirculatorj^ 
failure. The final selection was based upon a combination of these 
factors. Obviously such an analysis did not guarantee an absolutely 
accurate selection in each case. Rigid classification, however, in a 
disease of such wide variation would be unjustified. 

THE PROBLEM OP DIPPERENTIAL DIAGNOSIS 

A majoritj^ of the cases studied showed unmistakable evidence of 
rheumatic heart disease and were classified accordingly. It was diffi- 
cult, however, to identify and evaluate that group in which the rheu- 
matic heaid disease, if present, was slight and the cardiac condition 
only a partial factor in causing death. It was necessary to differen- 
tiate these chronic stages of rheumatic endocarditis from ather’omatous, 
luetic, and other types of sclerosis of the valves, and from endocarditis 
of other etiologjL Examination of cases udth uncomplicated primary 
atheromatous valvular heart disease revealed that the process involved 
only m rare instances cusps of the mitral as well as of the aortic valves 
causing sclerosis and stenosis at the same time ; and that senescent 
degeneration did not produce thickening and shortening of the chordae 
tendineae and papillary muscles similar to that in rheumatic heart 
disease. Pnmary calcification of the valves was uncommon; it occurred 
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generally in advanced age, and was usually associated with atheromatous 
csions in tlie aorta.. Wiien the calcification involved the mitral valve, it 
was generally confined to the aortic mitral cusp and the gross character 
of this jirocess, the usual fatty changes and frequently a calcified ring 
along the base of the mitral valve made it readily recognizable in 
most eases. Tlie liealed lesions in eases unmistakably of rheumatic 
etiology, on the other hand, occurred in practically every instance 
along the free margins, at the line of contact, causing thickening at 
tlie edges. These lesions contrasted strikingly with those of syphilitic 
endocarditis in which there is almost always widening of the commis- 
sures usually associated Avith luetic lesions in the aorta. Occasionally 
there was evidence that both etiological factors Avere present and such 
eases Avere li.sted accordingly. 

In the course of the inAmstigation scA^eral patients Avith acute Amge- 
tative lesions Avere examined; and it AA-as again essential to determine 
Avhich of these Avere truly rheumatic. Acute bacterial endocarditis 
secondary to a septic focus elscAidiere in the body Avas recognized and 
excluded Avithout difficulty ; the presence of the primary infection, the 
friable irregular vegetations generally containing large nuinbers of 
bacteria, the suppurative processes and local evidence of destruction 
of the A’alves AA'erc sufficient to make the diagnosis definite. Effort was 
made to determine Avhen such an acute vegetative process Avas super- 
imposed on an old rheumatic process and such cases Avere listed sepa- 
rately. All cases shoAving a primary acute bactei'ial endocarditis AAmre 
listed to detennine the frequency of their occurrence in relation to old 
rheumatic lesions. The so-called marantic or toxic acute endocardial 
lesions occasionally seen in patients dying of tuberculosis, malignant 
tumors, and chronic nephritis Avere not a source of error. These lesions 
at most Avould haA’-e been included in the group of noncontributing 
rheumatic heart disease and in this group aa-^c noted only one ease of 
acute rheumatic heart disease AAuthout the unmistakable old endocar- 
ditis accompanying it. 

A fcAV pathological descrijAtions mentioned delicate adhesions be- 
tween the valves of the aortic cusps. Such adhesions Avere not regarded 
as indicatwe of a rheumatic process, for thej’’ occurred Avith fair fre- 
quency in patients AAdth atheromatous involvement of the same vah e. 
A rheumatic history Avas not obtained in these cases. In a fcAA" othei 
instances hearts Avere obserAmd AAUth one or tAVO single vegetations Ami’A - 
iug from one to five millimeters in diameter and occurring generally 
on the mitral or aortic and Amry rarely on the tricuspid or pulmonaij 
valAms. These cases also AA^ere excluded from the series for lack o 

other evidence as to their etiology. 

In a number of cases details of the gross description of the acu e 
Amgetative process, post-mortem heai't blood culture, and misroseopi 
cal examination of the valve, Avere lacking. Smiilarly the climca 
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description occasionnlly did not contain the data needed to 
trindividual case. Thvee per cent o£ the eases j 

eration were cNcInded hecanse o£ snell inadeqnaey. Attel h 
examination o£ the data in respect to the '"‘“"/’f .“f ‘If 
cases with rheumatic heart, lesions were classified into the gionps 

listed in Table I. 

Ta\llI.K T 

DlSTItlBUTlON OK ttUEUMATIC IIKAIIT DISEASE AMOKO 5215 NECKOKSIES 

: — : = ' KUMlhrit CASES 


I. Klicinnatic heart disease directly Tes])oiisihlo for death 

II. Rheumatic heart disease a contributing factor to death 

III. Rlieumatic lieart disease associated witU subacute bacterial 

endocarditis , , . < i 

Rheumatic heart disease with doubtful subacute bacterial 
endocarditis 

lY. Rheumatic heart disease with sui>erim)>osod primary malig- 
nant endocarditis 

Rheumatic heart disease with subacute or malignant endo- 
carditis 

Y. Rheumatic heart disease with secondary malignant endo- 
carditis 

YI. Rheumatic heart disease a noncontributing factor to death 
Total 


K)4 

•11 

55 

fi 

Ki 


205 

474 


1. Bhewnaiic Heart Diseases Diredhj Besi^onsiblc for Deaths . — Tliis 
group includes patients in whom rheumatic heart disease or an im- 
mediate complication, sucli as mural thrombosis ivith embolism, ivas 
the cause of death. Patients in tvliom infections, such as pneumonia 
and erysipelas, occurred in the course of progressive and advanced 
heart failure were also regarded as rheumatic deaths. • 


The factoi's used in the classification of the cases in this group have 
been described above. A large percentage of the patients gave evi- 
dence of an active carditis Avith an acute vegetative process iuv.olving 
both mitral and aortic valves. These vegetations caused by rheumatic 
fever consisted of a series of closely aligned, pearly-gray, rounded 
bodies varying in diametei’ from 0.5 to 2.0 mm. and occurring regu- 
larly along the free margin of the imlves. In tlie ma.iority of instances 
the diameter was noted as 1 mm. or less. Tlie aortic and mitral cusps, 
less commonly the tricuspid and rarely the pulmonary cusps Avere 
involved. At times the Amgetations Avere described as slightly rough- 
ened and irregular in contour. They were generally adherent to the 
valve leaflet and could be detached only Avith great difficulty. In very 
acute lesions the vegetation was occasionally coated with fibrin as 
mdicated by microscopical examination, and Avhen this accumulated 
It occasionally resembled a friable vegetation, such as is seen in bac- 
terial endocarditis. The rheumatic acute vegetations were free of 
bacteria except for a few instances in which there was question of 
bacterial complication. Ulceration in an old chronic rheuimatie proc 
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C.SS was extremely rare and when present suggested a healed process 
oi an old malignant or subacute bacterial endocarditis. 

h our oi the patients listed in this group showed primarily a myo- 
earditm nuth little or no evidence of an endocarditis. Idiopathic myo- 
carditis might be considered but would be ruled out by the fact that 
in three of tiiese patients there was a definite histoiy of arthritis and 
fever, probably rheumatic; in one, a suggestive history recorded as 
“rheumatism.” 


11. Rhcumaiic Heart Disca.se a Conirihnfiiig Factor to Dect/t.— Pa- 
tients dying of heart failure with pronounced rheumatic lesions were 
regarded as "rheumatic contributing” when the cardiac pathology 
was also the result of other etiological factors. The presence of ar- 
terial hypertension of long .standing, coronary disease, or an associated’ 
severe anemia required this special grouping. In several of these pa- 
tients death occurred beyond the age of sixty when such a factor as 
arteriosclerotic heart disease demanded consideration in the inter- 
pretation of the death. 

in. Rhcnmatic and- Sithactdc Bacterial Endocarditis. — In the entire 
series of 5,215 autopsies there were 47 eases of subaetite bacterial en- 
docarditis Avith and Avithout cA'idenee of an old rheumatic endocarditis. 
Of the 47 cases, 35 gave evidence of a previous rlieumatic infection 
in the form of a definite old rheumatic endocarditis discovered by 
gross examination or from a characteristic clinical course. The records 
represent routine studies only, and although these Avere often elaborate 
and detailed in the presence of an atypical A'egetatiA^e process, it is 
likely that the primary rheumatic basis in some of the I’emaining cases 
escaped detection. This is to be expected, for it is knoAvn that even 
slight A'-ah'-ular damage maj^ serve as a basis for supeinniposed infec- 
tion. Furthermore, the destruction occurring in subacute bacterial 
endocarditis is often suflScient to obscure underlying primary valvular 
damage. Again, in the group under consideration there Avas occasion- 
ally an unmistakable history of repeated attacks of rheumatic fever 
Avithout eAudence of a chronic rheumatic heart disease underlying the 
subacute bacterial process. 

The AmgetatiAm process usually consisted of one or more conglomer- 
ated irregrdaj.’ masses Amrying from 2 mm. to 1 cm. in diameter, and 
distributed oA'^er the mitral, aortic, and, rarely, the tricuspid valves. 
The left anricuiar endoeardinm Avas freqnently involA^ed in a Avide- 
spread process AAdiich extended OAmr the mitral ensps, chordae ten- 
dineae, and papillary mnscles, causing ulceration and destznzction. 
These masses of vegetations Avere regulaidy friable, and microscopical 
examination generally revealed large numbers of streptococci. In the 
early stage the vegetations Avere often small and at times discrete. 
The irregular friable character, the positive microscopical findings, 
and the clinical observations made the diagnosis definite in most cases. 
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In oonti-nst to tlic rheumatic group with an active oarilitis, sceoutlary 
anemia was regularly present in cases with suhacuto bacterial cudo- 
carditis The frequent occurrence of embolic iihenomcna sccoudaiy 
to mural thrombi and possibly fibrinous rheumatic vegetations in cases 
of rheumatic heart disease interfered with the application of cm lo ic 
phenomena” as differcutial criterion between snbneiitc bacterial and 

rheumatic endocarditis. 


Bacterial processes showing Streptococcus viridans cither in ante- 
mortem blood culture or early post-mortem vegetation culture, or liis- 
tologieal sections Averc generally classified in this group. In a few 
cases it appeared that a Streptococcus viridams infection with a sub- 
acute bacterial course gave evidence of terminal infections with a 
pneumococcus or stapliyloeoccns. Cases of this kind were classified 
in the subacute bacterial group. Vegetations yielding Staphylococcus 
aureus as the predominant organism Averc classified in the group of 
malignant endocarditis. The latter group, although not .sharply de- 
fined, presented a more acute clinical picture Avith a shorter duration 
of the illness, a more fnlmiiiating termination, a greater tendency to 
local destruction and perforation of the valves and to septic emboli. 


In one group of cases it Avas difficult to decide Avhctlier an acute 
process associated Avith an old rheumatic endocarditis belonged to 
the rheumatic manifestations or represented a secondary bacterial 
endocarditis, possibly of Streptococcus viiddaiis origin. In 6 cases no 
decision eonld be reached because of insufficient data or the atypical 
character of the lesions. In all 6 cases, hoAAmver, thei’e aams undoubted 
eAudence, clinical and morphological, of an old rheumatic process. 

IV. Eheimiatic Reart Disease With Primary Maligvanf Endocarditis. 
—Cases in this group AAmre often not clearly distinguishable from those 
in Group III. In general, patients shOAAuug an acute or subacute bac- 
terial infection that developed on the basis of old valvular damage 
and Avas caused by Staphylococcus aureus. Streptococcus hemolyticus, 
pneumococcus, gonococcus or meningococcus, and not by Strepto- 
coccus Auridans, Avere classified in this group. Other sources of the 
bacteremia than the vegetations Avere not found in these cases. Fur- 
ther indications in the classification AA’^ere the more fulminating acute 
illness of septic character, aud the tendency to marked local destruc- 
tion and the fomation of septic emboli as noted above. Although 
ulceration and destruction of the A\alve occasionally occurred in sub- 
acute bacterial endocarditis of Streptococcus viridans origin, it Avas al- 
most a constant finding in the malignant gi-oup. Undoubtedljr some 

cases listed in this group might more properly have been listed in Group 
III aud vice versa. ^ 


AUhongli an effort was made to find cases o( this type wliicli oc- 
enrred pnmanly on a normal valve, none was evident. In all 14 Les 
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of^the group unmistakable evidence of either a previous rheumatic 
endocarditis or a clinical history of early rheumatic fever was present. 

y. Rheumatic Heart Disease With Becondary Malignant Endocar- 
diUs.-— Two patients with a primary septic focus in the lungs and kid- 
neys respectively showed an old rheumatic lesion associated with a super- 
imposed acute bacterial endocarditis. In a picture of this complexity it 
was difficult to determine to what extent the cardiac lesions contributed 
to death. The patient might have died from the pneumonic process 
or the jiyelonephrosis regardless of the endocarditis, or possibly from 
a primary acute malignant endocarditis, the distal process being really 
secondary to it. The pathogenesis not being clear from the history 
and clinical findings, these cases were listed as a secondary invasion 
of the valves, from the focus elseivhere in the body. 

VI. Noncontrihuting Rheumatic Heart Disease. — In this group were 
listed those eases in which death ivas not due to the rheumatic path- 
ology’'. The criteria by’" which the mild rheumatic process was detected 
were often not absolutely’- definite. In the 205 eases listed in this group 
the valvular process was graded as moderate or marked in 100. These 
eases were definitely’- rheumatic. The remaining 105 showed slight but 
definite mitral and aortic endocarditis. In all cases the process was 
located along the free margin of the valves. Slight thickening of 
the free margins of the valves is a common post-mortem finding, par- 
ticularly^ after the fifth decade of life, and may’- be an expression of 
senescent sclerosis. The thickening regarded hez-e as probably of 
rheumatic origin should not be confused with this for the following 
reasons : the sclerotic changes are much more common than the mere 
5 per cent of the cases noted; the age variation in this group with 
slight involvement indicated a ivide distribution with numerous cases 
below the age of forty; and the examiners did not list all cases with 
thickening of the free margins as cases of endocarditis, but did record 
and list as “endocarditis” over 95 per cent of the 105 cases consid- 
ered here as probably rheumatic. Furthermore, the cases were evenly 
distributed over the entire twenty-five year period of analysis, sug- 
gesting that the examiners recognized these cases as different from 
those of the usual valvular thickening. Finally, the distribution to 
both mitral and aortic cusps paralleled that of the cases with ad- 
vanced rheumatic endocarditis. The occurrence of mild grades of any’ 
disease is to be expected and for the above reasons it appears that 
these cases probably’ represent valvular pathology due to a mild rheu- 
matic infection and something more than the diffuse increase in thick- 
ness of the free valvular margins seen so commonly in routine post- 
mortem examinations. 

DISCUSSION 

Exact information concerning the incidence and relative significance 
of the various types of heart disease is important, particiilaily loi^i 
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the point of .now of pnblio l.ooltU, The cflieoey of preventive and 
therapentie measures eommonly nsccl in heart d.soase can he evalnatcd 
only by a study of reliable statistical data. Snob inlormation, moie- 
over, may throw light on such etiological factors as race, geographic 
location, and climate. 

Numerous statistical sources may give signincaiit information le- 
garding the incidence of heart disease, but at present the value of 
available reports is impaired by the unreliability of the original data. 
Statistics on the morbidity rate, for example, are based on clinical 
evidence alone and arc therefore as subject to inaccuiac} as the 
diagnosis on which tliey are based. The figures on mortality rate de- 
rived from death certificates are notoriou.sly unreliable. The statistics, 
even of hospitals, are often of doubtful A'alne because of confusion in 
the classifications of diseases and insuflicient eflort in difi'erentiating 


between primary and contributory causes of death. 

Practically no information is available concerning the incidence of 
rheumatic heart disease. The criteria of diagnosis and the methods 
of aecuinulating data on this subject vary widely, Cohn,^ after re- 
viewing the literature regarding factors which inlluencc rheumatic 
heart disease, concludes: “The data inspire no great confidence and 
suggest that the conditions under which they arc correlated .should be 
more precisely defined. ’ ’ 

Harrison and Levine- report the occurrence of mitral stenosis G4 
times in 1,362 consecutive necro]>sies at the Peter Bent Brigham Hos- 
pital, an, incidence of 4.69 per cent. Of 15, .032 medical admissions to 
this same institution between the years 1914 and 1923, 3.89 i)er cent 
gave clinical evidence of mitral stenosis. These data obviously can- 
not be regarded as an indication of the incidence of rheumatic heart 
disease and occasionally such stenosis is due to atheromatous sclerosis. 
This is illustrated by our finding of only 66 eases of mitral stenosis 
among the total 164 cases with marked rheumatic heart disease. If 
Ave had judged the frequency of rheumatic heart disease by the cases 
of mitral stenosis alone, we would have obtained a frequency of only 
4.0 per cent, comparable to the figure of Harrison and Levine, instead 
of 9.1 per cent. CaboP* analyzed 4,000 necropsy findings in the Massa- 
chusetts General Hospital for the period from 1896 to 1919. He re- 
ported 208 cases of “rheumatic valvular heart disease” but ap]mrently 

did not classify all the types of cardiac damage produced by rlievi- 
inatic fever. 


Of the 5,215 necropsy records in the present investigation, 486 case 
of cardiac pathology were classified as of rheumatic origin an inci 
cence of 9.3 per cent. If me subtract from the rheumatic series th, 
ca.es with subacute endocarditis in which evidence of rheumati( 
etiology could not be established, the incidence is 9.1 per cent. If tin 
cases with slight cardiac lesions are not included in the total groiq 
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of rheumatic heart disease, the incidence of the remaining cases is 7.1 
per cent. This incidence of 9.3 or 7.1 per cent respectively is distinctly 
higher than had been expected from the few available reports in tlie lit- 
erature. There may be a number of explanations for this difference. Tlie 
high incidence, in the first place, is reported from a locality where rheu- 
matic fever is probablj^ conspicuously prevalent.^’ ^ Furthermore, these 
observations are from a municipal hospital which cares mainly for pa- 
tients of limited means, drawn for the most part from the crowded 
sections of a large cit 3 ^ Insufficient nutrition and light, the influence 
of wdiich on rheumatic heart disease is important maj^ partially ac- 
count for the relatively frequent occurrence of the condition in the 
present series. The most important factor in the explanation of the 
high incidence noted, however, is that in previous reports only the 
obvious and marked lesions were recognized. In the present study, 
on the other hand, equal attention was given to the less pronounced 
but nevertheless distinct endocardial and myocardial lesions. These 
milder cardiac lesions, probably, were the outcome either of a mild 
rheumatic fever or of a more severe attack from which recoyeiy was 
more complete. These mild lesions, as a rule, produced few or no 
clinical signs. The frequent occurrence of slight rheumatic cardiac 
lesions may be compared with the common “forme fruste” manifesta- 
tions of . other infectious diseases, such as pulmonary tuberculosis. 
Leary reports the occurrence of rheumatic endocarditis without sys- 
temic manifestations as a frequent accidental finding in a number of 
medico-legal autopsies.® This observation also shows that rheumatic 
heart disease not infrequentlj'- runs a sjmqitomless course. The occur- 
rence of mitral stenosis in approximate!}'' 4 or 5 per cent of the total 
number of admissions to the larger Boston hospitals" is, then, in pro- 
portion to the 9.3 per cent frequenc}^ of rheumatic cardiac damage 
imported here, for obviously' the latter figure, which includes eases 
without clinical signs, must he considerably higher. Furthermore, 
Pribram® states that from 2 to 5.5 per cent of all admissions to the 
German and Scandinavian hospitals are rheumatic cases, and in Eng- 
land the frequency of rheumatic fever reaches as high a level as ( to 
11.5 per cent of all admissions. The high incidence of rheumatic heart 
disease reported here would make rheumatic fever a rather prevalent 
disease comparable to carcinoma; as the frequency of carcinoma 
among 3,004 autopsies in the Boston City^ Hospital between 1910 am 
1928 inclusive, was 10.4 per cent." 

Rheumatic heart disease occurred in 56.6 per cent of the males m 
the total group with rheumatic heart disease; in 43.4 per cent of the 
females in that group. This indicates a moderately increased inci- 
dence of rheumatic heart disease in the female sex, since the sex ra lo 
in 5,060 autopsies during the same period of jmars was 62 per cen 
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Table II 


DISTRIBUTION OF EIIEUMATIC HEART DISEASE ACCORDING TO Sl^N AND COLOR 



- ' — 

MALE 

female 

COLORED 

I. 

Elieumatic heart disease directly responsible 

S2 

82 

10 


for death 


15 


II. 

Eheiimatic heart disease a contributing fac- 

20 

JL 


tor to death 

3.1 

13 


III. 

Rheum.atic heart disease associated Avith sub- 



acute bacterial endocarditis 

Rheuinatie heart disease with doubtful sub- 

0 

1 

0 


acute bacterial endocarditis 


3 


IV. 

Rheumatic heart disease with superimposed 

13 

2 


primary malignant endocarditis 



0 


Rheumatic heart disease witli subacute or ma- 

1 

4 

V. 

lignaiit endocarditis 

Rheumatic heart disease with secoiuRiry malig- 

110 

05 

1 


endocarditis 


0 

0 

VI. 

Rheumatic heart disease a noncontribnting 

o 


factor to death 





male to 38 per cent female. This finding accords with the clinical 
impression that the disease occurs somewhat more frequently in females. 

Eighteen, or 3.8 per cent, of the 474 patients with rheumatic heart 
disease were negroes; but sinee 8 per cent of the 5,060 consecutive 
autopsied cases were in negroes, the actual incidence of rheumatic 
heart disease in this racial group is relatively lower. NVhether this 
difference is inlierent in the race, or is due to migration after child- 
hood from a warmer climate where rheumatic fever is a rare disease"’ ■* 
cannot be stated. Clinical impression suggests that native negroes 
and northern whites are equally susceptible to rheumatic fever. The 
lower incidence would thus appear to be due to migration. The find- 
ing of rheumatic heart disease in 3.8 per cent of the post-mortem 
examinations of negroes probably, therefore, represents an average of 
these two different sections of the negro population. 


summary and conclusions 


1. Among the 5,215 consecutive necropsy examinations of patients 
from the poorer class who Avere cared for in the Boston City Hospital 
betAveen the years 1905 and 1929 inclusive, a combined clinical and 
morphological study revealed rheumatic heart disease in 474, or 9.1 
per cent, of the cases. 


2. Bheumatie heart disease Avas found in 56.6 per cent of the males, 
and in 43.4 per cent of the females in the group ndtli rheumatic heart 
disease. The sex distribution in the total necropsy examinations AA’^as : 
males, 62 per cent; females, 38 per cent. Thus rheumatic heart dis- 
ease was slightly more preA’alent among the females. 


3. Eighteen, or 3.8 per cent, of the total number Avith rheumatic 
heart disease were negroes. Eight per cent of the autopsied patients 


AA’ere negroes. 


This Avould indicate that rheumatic heart disease oc- 
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curs ohIt about half as frequeutlv among negroes b-rine in ICen- 
England as among tie Trbite race. 

4. Rieumatic ieaxt. disease ^vas direetlv responsible for death in 
164 instances, or 34.5 per cent of tie total group 'vriti rieuinatie heart 
disease. 

El an additional group of 41 cases, correspondins" to S,6 uer eent of 
all tie cases in tiis gronp, snbaente bacterial endocarditis mas suner- 
imposed on rienmatie heart, disease. In 21 eases, corresponding to 
4.4 per cent of these eases, malignant endocarditis deTeloped in as- 
sociation miti rienmatie heart, disease. In 2 additional eases, second- 
ary malignant endocarditis mas independent of tie rienmatie heart 
disease. As tie sniacnte and primary aente endocarditis derelopeS 
on preriously damaged rienmatie Talres, in tiis gronp, representing 
13 per eent of all eases miti rienmatie heart disease, death mas 
caused indirectly by rienmatie heart disease. 

Rienmatie heart disease eontribnted to death in 41 inst.ances, or 
S.6 per eent, of tie total cases. 

In 205 cases, or 43.2 per eent of tie eases miti rheumatic heart dis- 
ease, tie character of tie cardiac inTolremeut mas such that tlie 
lesions did not contribute to death. 

5. Rhenmatic heart disease is snrprisingly preralent among tie 
poorer section of the popnlation of Boston. Its xrequeney [3.1 per 
eent) approaches that of carcinoma (10.4 per eent). 

6. Rhenmatie heart disease freqnently exists as a mild "forme 
fruste” manifestation, mithont causing ohrions impairment of lie 
circulation. 
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STUDIES IN CONGESTIVE TIEAET FAILURE 


XVI. The Ceinical Value of the Ventilation 
Estmation op Caudiac Function'^' 


Test in the 


T. R. Harrison, j\LD., Seale Harris, Jr., ^I.D., and 
J. A. Calhoun, M.D. 

With the Teclniieal Assistance of jM. Tims 
Nashville, Tenn. 

I N THE tenth paper" of this series a method of estimating cardiac 
function was described. This depended on tlie fact that upon the 
performance of exercise the degree of dyspnea produced is directly 
proportional to the ventilation and inversely proportional to the vital 
capacity. It was shown that variations in the nutritional state of the 
subjects had a marked effect on the results obtained and hence in 
order to compare obese persons with thin ones a correction factor for 
body weight was introduced. The value so arrived at was called the 
“ventilation index.” In this study are reported the results of apply- 
ing this test to 21 normal per.sons and to 79 patients. 

The test as originally described consisted of performing exercises 
of four different degrees. As tlie sevei'est of these (Exercise TV of 
the former paper) is rather too strenuous for most patients, it has 
been omitted in this study. Furthermore, whenever a subject had 
severe dyspnea on the performance of any degree of exercise, the 
exercises of severer degrees were omitted. 

The patients had a careful history and physical examination. Tele- 
roentgenograms and eleetrocardiograims were made in the majority of 
eases, and in a number of instances blood .studies were made and basal 
metabolic rates were determined. Since it was shown in the pimvious 
study" that patients with hyperthyroidism, with severe anemia, and 
with chronic pulmonary fibrosis from any cause, usually had high 
values (i.e., values similar to those found in persons with cardiac dis- 
ease) on performance of the test, all persons with these disorders 
were excluded from the present series. 

The subjects were classified into groups as follows : 

I. Normal: i.e., no symptoms referable to the heart and no evidence 
of cardiac disease : 21 cases. 

H- Cardiac Neurosis: 16 cases. 

‘From the Department of Medicine of the Vanderbilt Medical School. 
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III. Org-anic Cardiac Disease: 

A. Asymptomatic: 10 cases.- 

B. Symptoms on exei’tion only; 21 eases. 

C. Mild symptoms at rest: 16 eases. 

D. Severe symptoms at rest; 16 cases. 

The classification Avas based entirely on the data other than those 
obtained from the ventilation test. 

The majority of the patients Avere folloAved clinically for periods of 
a year or more after the ventilation test had been made. The clinical 
data Avere then compared AAdth those obtained from the A^entilation 
studies and by this means an attempt has been made to evaluate the 
clinical significance of the method. 

The limits of the normal are not shai’p for any laboratory test. It 
Avas shoAAUi in a preAdous paper’^ that tlie A'^entilation index varied 
Avithin rather Avide limits in normal subjects. It Avas found, hoAvever, 
that the majority of normal subjects had ventilation indices belOAV the 
levels of 20, 25, and 30 for the three exercises, respectively, and that 
no normal subject had a curve above each of these points. For this 
reason Ave have, in the present paper, classified the values as foIloAA’S : 

1. '‘NormaF’ curves; AA'^hen all points Avere beloAV the 20-25-30 curve, 

2. "High” curves; AAdien all points Avere above this curve, and 

3. "Doubtful” curves AA'^hen one or more points Avere above and one 
or more points Avere beloAV the 20-25-30 curve. 

RESULTS 

A summary of the data is sliOAAm in Table I. The findings may be 
conveniently considered from several different ijoints of aucav. 

A, The Value of the Ventilation Test in Diagnosis^ i.e., in Betermhu 
ing Whether a Patient Has or Has Not Organic Heart Disease. — As can 
be seen from Table II, 2 of the 21 normal subjects in the present series 
had "doubtful” curAms; the remaining 19 persons having "normal” 
Amines. Of the 16 patients Avith cardiac neurosis, none had "high” 
cui’Ams, 4 had "doubtful,” i.e., bordeidine cui'Ams, and 12 had normal 
curves. Seven of 10 patients AAuth asymptomatic organic cardiac dis- 
ease had "normal” curves, 2 Avere "high” and 1 Avas "doubtful.” Of 
21 patients Avho had organic cardiac disease and symptoms only on 
exertion, the Amntilation test AAms "normal” in 2; “doubtfAil” in 4 
and "high” in 15. One patient AAdth symptoms at rest had a "doubt- 
ful” curve; the other 31 such subjects Avere "high.” No person Avith 
sjTuptoms at rest had a "normal” curve. 

Prom these data it seems clear that the ventilation test is of little 
or no Amine as a purely diagnostic measure. It is true that as a gen- 
ex’al rule patients Avith noimal hearts and Avith cardiac ncuiosis liaAC 
noimial values, but so do patients Avith asymptomatic organic cardiac 
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disease. Piirtliermore, one may occasionally encounter a “doubtful” 
or borderline test in a patient with advanced cardiac disease, as ivell 
as in normal subjects and in persons with cardiac neurosis. In about 
80 per cent of the cases one can make the correct diagnosis as to the 
presence or absence of organic heart disease from the ventilation test 
alone, but this use of the test becomes unimportant when one remem- 
bers that by history and physical examination alone a correct opinion 
can be arrived at in about 90 per cent.' 


Tabue 11 

A Summary of the Values for Ventilation Index in Relation to the Clinic.\l 

State 




1 normal 

DOUBTFUL 

high 

group 

i 



number op 
CASES 


Normal subjects 

19 

2 

0 


Patients with cardiac 
neurosis 

12 

4 

0 


Asymptomatic 

7 

1 

2 

Patients ivith 
organic cardiac 
disease ' 

Symptoms on exertion 
only 

2 

1 

1 

4 

15 


Mild symptoms at rest 

0 

1 

15 


Severe symptoms at 
, rest 

0 

0 

10 


B. The Value of the Ventilation Test in Prognosis— It was shown in 
the previous paper that in a gh'^en patient progression or retrogres- 
sion of congestive failure could be followed accurately and expressed 
quantitatively by means of the ventilation test. Changes in the ven- 
tilation index are therefore of value in iirognosis. The next question 


Table III 

The Ventilation Index in Relation to Prognosis in Patients With Cardiac 

Disease 


1 

CHANGE IN CLINICAL STATE' 
IN 12 TO 18 MONTHS 

PATIENTS AVITII 
NOBAIAI/ VALUES 
(20 OR LESS)* 

PATIENTS AVITH 
JtODERATE IN- 
CREASE 

(20 TO 40)* 

PATIENTS AVlTIt 
JIARKED INCREASE 

(40 OR more)* 

No progression; 

9 

10 

4 

Cardiac symptoms un- 
changed or improved 
Progression : 

0 

i 

6 

2 

Cardiac symptoms more 
severe 

Dead 

1 0 

2 

! 7 

Total cases 

! ® 

24 

13 


•The patients are tabulated according to uicir venuianon the 

exercise. They have been follo-iveU for fr-jm twelve .o eighteen months .. 
observation.s concerning the ventilation index ■were made. 
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is: Can one make a fairly aeenrate prognosis in regard to a given 
patient from the results of a single test? Data bearing on this point 
are shown in Table III, in which the follow-np records for 46 of the 
subjects are summarized. (All persons were followed for at least a 
year and some for more than a year after the test.) It can be seen 
that, in general, the deaths occurred in the subjects who had high Ami- 
nes for the ventilation index, and that those Avith the lOAvest values 
usually remained relatiA’ely free of symptoms of congestiA'e failuic. 

However, in the intermediate group, i.e., those Avith only moderately 
increased A'entilation indices, 2 patients died, 6 Avere Avorse, and 16 
improA'ed. Even in the gi-oup Avith A'ery high Amines, 4 patients are 
better iioaa^ than they were a year ago. 

C. The Yalnc of ihc Ventilation Test in NcnroUc Patients With Or- 
ganic Cardiac Disease. — The facts previously mentioned seemed to 
indicate that the ventilation test docs not supply, in the majority of 
patients, helpful information in addition to that Avhich can be ac- 
quired by the more usual methods. IIoAAmver, in a certain group of 
cases it seemed to us to yield knoAA'ledge AA'hich is of aid both in prog- 
nosis and in treatment. We refer to those patients aaIio in addition 
to having definite clinical evidence of organic cardiac disease are also 
nervous, hypersensitive, and have symptoms of functional origin ref- 
erable to the heart. This combination of organic heart disease plus 
cardiac neurosis may occur in men but is seen most frequently iii 
young females AAdth rheumatic heart disease and in Avomen Avith hyper- 
tension and Amrious functional vascular disturbances associated Avith 
the menopause. In such a case one may make the most exhaustive 
clinical, electrocardiographic, and imentgenologic studies and still be 
in doubt as to hoAv much of the patient’s dyspnea is dependent on the 
organic disorder and Iioaa" much is related to the oversensitive psyche. 
The decision is an important one because not only prognosis but 
treatment depends upon it. 

It is in this type of patient that Ave believe the ventilation test gives 
information Avhich cannot be obtained by any other means. In the 
series of 100 subjects aaOio performed the test in the present study 
there Avere 12 such cases. By Avay of illustration brief abstracts of 
5 of these eases are presented. 


A medical student had liad rheumatic fever twice in childhood. During his 
third year in medical school he began to notice occasional palpitation and some 
dyspnea on climbing stairs. He was not liighly neurotic but was somewhat an- 
prehensive. Examination revealed a cardiac impulse .iust outside the midclavicular 

m heart rate was 90; the rhythm regular. Lungs, liver, and extremities we^ 
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Clinical Diagnosis: Chronic rheumatic endocarditis of aortic and mitral valves. 
Questionable mild cardiac neurosis. 

Teleroentgenogram revealed slight cardiac enlargement; electrocardiograms were 
normal except for left axis deviation. 

The values for the ventilation index were 1.5.1, 16.S and 19.7 (upper normal 
limits 20-25-30) for the three exercises, respectively. He was reassured and told 
that his dyspnea was probably due to apprehension rather than to his cardiac 
disease. He has had no further symptoms although he leads a normal, active life. 

Mrs. H. McG., aged fifty-seven years, complained of indigestion, belching, inter- 
mittent diarrhea with mucous stools, nervousness, “quivering spells,” and insomnia. 
She suffered palpitation and dyspnea on stair climbing when nervous and when she 
had abdominal distention. The cardiac rate was 90; the rhythm regular. The 
impulse was felt 1.0 cm. outside the midelavicular line. All the cardiac sounds 
were somewhat accentuated. There were no murmurs. The peripheral vessels were 
soft. The blood pressure was 158/98 mm. The arteries were not abnormal. There 
was no evidence of visceral congestion and no edema. Electrocardiogram was 
normal. Teleroentgenogram showed a cardiac shadow at the upper limits of normal 
size. 

ClinicaZ Diagnosis: Psyehoneurosis, hypertension, slight cardiac enlargement. 

Despite the slight cardiac enlargement it was our impression that her cardiac 
symptoms were mainly due to the functional state. However, the values for the 
ventilation index for the three exercises were 23.0, So.6 and 45.3 (upper normal 
limits 20-25-30). In view of this she was given digitalis with rapid and rather 
striking improvement. Several months later she omitted digitalis and, follow- 
ing an attack of influenza, she developed frank congestive failure. 

Mr. J. B. B., aged fifty-one years, had chronic cholecystitis. He was a high- 
strung, introspective person, given to crying spells and had had a “nervous break- 
down” several years previously. He was decidedly “heart-conscious” and often 
had palpitation on lying down. He had never noted dyspnea. He had had 
rheumatic fever when twenty-five years old. The heart was not enlarged. The 
rate was 90; there was an occasional premature beat. At the apex a very high- 
pitched musical systolic murmur was heard. This was louder with the patient 
sitting than when he was recumbent and the intensity was. greater after exercise 
than at rest. There were no signs of pulmonary or systemic congestion. Peripheral 
vessels were soft. Blood pressure was 122/80 mm. Electrocardiogram was normal; 
teleroentgenogram revealed a normal sized cardiac shadow. 

Clinical Diagnosis: Chronic cholecystitis, cardiac neurosis, mild chronic rheu- 
matic endocarditis of mitral valve — ^not progressive. 

The curve for ' the ventilation test was lower than the average for normal per- 
sons. He was reassured and given no other cardiac therapy. He has continued to 
have occasional palpitation but no longer fears it. He still is dyspnea-free. 

Mrs. W. H. B., aged forty-eight years, complained of “hot flashes,” “cold 
chills,” nervousness, and dyspnea. She had not menstruated for six months. 
Since an attack of influenza thirteen years previously she had noted dyspnea on 
rapid walking. In the past few months she had had “choking and smothering 
spells” when nervous and believed that she was more dyspneic on exertion than 
previously. She was never dyspneic at rest except when nervous. She was con- 
siderably overweight. The maximum point of cardiac impulse was 2 cm. out.sido 
the midelavicular line. The cardiac borders were indistinct by percussion. Tlie 
rate was 90; the rhj-thm regular. There were no murmurs. The cardiac sound.s 
approached each other in quality. The arteries were not thickened. Blood pres- 
sure was 160/104 mm. The lungs were clear, the liver was not felt; there was 
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no edema. By x-ray examination the heart appeared to he just at tlie upper normal 
limit in size. The electrocardiogram revealed left axis deviation. 

Clinical Diagnosis: Obesity, hypertension, probable cardiac enlargement, meno- 
pause, cardiac neurosis. 

Values for the ventilation test ■were 25.3, 30.1, and 39.2 for the three exeicises 
as compared to 20-25-30, the upper normal limits. Following digitalis and reduc- 
tion of her weight, her dyspnea improved considerably. 

Mrs. A. J. C., aged twenty-six years, desired to know whether it was safe for her 
to have a baby. ‘Wlien she was fourteen years old, she was told she had a heart 
murmur, and was instructed to limit her exercise to slow walking. She had never 
had any symptoms referable to the heart other than dyspnea on walking rax>idly 
uphill. She was not neurotic. The heart was not enlarged cither by jrhysical 
examination or by x-ray. There was a very loud, rough systolic murmur at the 
pidmonic area. The pulmonic second sound was rather faint. Electrocardiogram 
showed right axis deviation. Fluoroscoi\v revealed j)rominence in the region of 
the pulmonic artery. Tlie heart was aj>parently not enlarged. 

Glmical Diagnosis: Congenital cardiac disease, either patent ductus arteriosus 
or pulmonic stenosis of slight degree. 

Tiie values for Ihe ventilation index were just at the upper normal limits. She 
was told to have the baby if she so desired. When last heard from she liad 
passed through a normal pregnancy and a normal labor and had had no symptoms 
referable to the heart. 

It was our belief that in each of these cases the data obtained from 
the ventilation test were of some value in prognosis and treatmerit. 
As has been stated, we do not believe the method is of any great value, 
except as a means of research in otlier types of cases. 

SU^IJIARY AND DISCUSSION 

1. Measurements of the vital capacitj^ and of the ventilation upon 
the performance of a series of standardized exercises wei’e made on 
100 subjects. Of these, 21 were normal, 16 had cardiac neurosis, 10 
had organic cardiac disease without symptoms, 21 had dyspnea on ex- 
ertion only, and 32 had, in addition to dyspnea on exertion, some 
respiratory discomfort at rest. From the measurements a value called 
the ventilation index, which is a fairly close objective expression of 
the degree of dyspnea, was calculated. 

2. Analysis of the data shows that the determination of the ventila- 
tion index is of little or no value in the diagnosis of the presence or 
absence of organic heart disease, because patients with cardiac neu- 
rosis, patients with asymptomatic cardiac disease and normal subjects 
all occasionally have borderline tests, although the majority of pa- 
tients in these groups have normal values. Patients Avith cardiac 
dj'spnea nearly ahvays have high values for the ventilation index but 
m such patients the customary methods of study are usually adequate 
to establish a diagnosis of the presence of organic cardiac disease. 

3. In a giyen case repeated determinations of the ventilation index 
may be of considerable value in prognosis. Single tests give relatively 
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little informatiou as to the outlook. In general, the patients with low 
values have a good prognosis and those with very high values have a 
poor outlook but exceptions are fairly numerous because the test only 
measures the degree of dyspnea at the moment, and is not influenced 
by such extremely important factors as the liability to infection, tlie 
tendency to thrombosis or the likelihood of coronary and other vas- 
cular accidents. 

4. The ventilation test appears to be of definite clinical value in 
one group of cases: namely, in those patients who have both organic 
and functional disorders referable to the heart. Such instances are 
not uncommon and the ventilation test allows one to determine witli 
fair accuracy how much of the patient’s dyspnea is due to the cardiac 
neurosis and how much to the cardiac disease. This information, 
which cannot be obtained by any other method may be of consider- 
able value in prognosis and in treatment. 

5. The chief value of the ventilation test is in research, because it 
provides a method for determining quantitatively the effect of vari- 
ous therapeutic measures on dyspnea. 
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Int. Med. In Press. 


DEPRESSION OF THE VOMITING REFLEX BY THE 
DIGITALIS BODIES'" 


Harry Gold, j\I.D., Jaket Travell, M.D., akd Nathan Kwit, UX)., 

New York, N, Y. 


T he emetic action of the digitalis bodies has been the subject of 
nnmerotis expci’imental investigations. These have dealt inainlj 
with its meehanisni and the conditions nndcr which these drngs inc ucc 
vomiting.^ It is a very familiar phenomenon in both animals anc 
man that a moderately toxic dose induces one or two attacks of vom- 
iting and as the dose is inercascd vomiting co\\tu\ues aiid becomes more 
intense. There may be remissions lasting several hours; then the vom- 
iting recurs and may continue for a day or two after the drug has 
been discontinued. The drug sometimes causes death in dogs and eats 
without having produced vomiting. After a very large intravenous 
injection a convulsion and death may occur within a few seconds; this 
does not appear to allow sufficient time for vomiting to take place. Wc 
have, however, seen cats die evci\ after an intramiiscular injection of 
ouabain without vomiting. Under ordinary conditions such observa- 
tions are rare. 

Several years ago in the course of a study of digitalis elimination, 
one of US" observed what appeared to be an interference ^Yith the vomit- 
ing mechanism after repeated injections of digitalis. It was noted 
that after small doses were injected daily inti'avenously in several cats 
there came a point when sufficient cumulation had taken place to induce 
vomiting. The next few daily doses continued to cause vomiting, but 
the last two or tlu*ee daily doses before the animal died no longer 
produced emesis. In those experiments electrocardiograms were not 
taken. Such a change in the response of the vomiting reflex to the 
digitalis bodies might be of considerable practical importance in view 
of the fact that reliance is generally placed on nausea and vomiting as 
signs for discontinuing digitalis in order to avoid serious overdosage. 

The present study was undertaken to extend these observations and 
to determine whether it be possible, by the repeated injections of the 
digitalis bodies, to diminish or abolish the emetic action of the drugs 
while at the same time increasing the intensity of the cardiac poisoning. 


EXl’ERUMENTAL 

Preliminary experiments were performed on eats. Fifteen animals 
were given repeated intravenous injections of digitoxin, ouabain, or 
tl^ieture of digitalis until death, and the occurrence of nausea and 

Yor?cTy.*'^" Department of Pharmacologj'. Cornell University Memcal Collose. New 
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vomiting after each dose was noted. No electrocardiograms were taken 
beeanse eats are too excitable to permit the taking of satisfactory 
tracings unless they are restrained or , anesthetized, and botli of tlieso 
procedures . interfere with vomiting. 

The essential results are based on a series of experiments carried out 
on six dogs. The digitalis bodies, digitoxin, ouabain, and the tincture 
of digitalis, were always injected intravenously. The size of the in- 
dividual doses and the intervals were varied for every experiment. 
It was planned to have the individual doses* so small as to make it 
possible to detect the order in which different changes might appear. 
On the other hand, inasmuch as the animal would usually refuse food 
during the experiment, it was desirable to give doses large enougli so 
as not to prolong the experiment bejmnd a few days, since prolonged 
starv’^ation might introduce complicating factors. 

Electrocardiograms were taken at intervals before and after the in- 
jection of the drugs. Tracings were obtained at such times as to record 
the immediate, as well as the delajmd, effects. Only Lead II was taken. 
The animal was allowed to sit or lie quietly on the table without 
anesthesia or restraint. In all more than 200 electrocardiograms were 
examined. The interpretation of some of the changes presented con- 
siderable difficulties, some being due to shifting of the electrical axis 
of the heart when the animal stood up to vomit. The T-wave, in partic- 
ular, was extremely variable (Fig. 3). The only changes in the elec- 
trocardiogram that were attributed directly to the action of digitalis 
were extreme slowing of the sinus rate, marked depression of the K-T 
segment, ventricular ectopic beats, A^entricular tachycardia, and A-V 
block. 

Nausea and Ammiting were regarded as signs of stimulation of the 
A’'omiting reflex. Retching Avas considered tantamount to vomitmg, and 
AA"hether Ammitus Avas expelled or not, it is recorded as Ammiting in the 
tables. In some cases no significance aaus attached to the usual signs 
of nausea because the experiment aa'Us carried out dui’ing very hot 
Aveather AAdien the animal often panted, licked, and sAvalloAved even 
A\dien drugs Avere not giAmn. The occurrence of A’omiting during the 
night could be detected the following morning by a pool of vomitus. 
It is possible that retching (Avithout the expulsion of Ammitus) could 
haAm occurred during the night in the ease of .some animals recorded as 
haA'ing failed to A’omit after a ghrnn injection. We liaA-e, ncA'crthele.ss, 
recorded it as a failure to Aumit in ca.ses in Avhich A'omiting did not oc- 
cur for some hours of observation after the intravenous injection and in 
which no eAudence of it aaus detected the folloAA'ing moniing. Occasion- 
ally an animal may A’omit for the first time a few hours after the 
intraA'enous injection of the digitalis bodies; especially is this so in 

•All dosci; were griven in milligrams per kilof^rani but “per kilogram is oniltttd in 
the text for the sake of brevity. 
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the case of digitoxin. Nevertheless, the change in the behavior of the 
vomiting reflex after repeated injections is sniflciently striking to il- 
lustrate the matter under investigation. 

The development of conditioned’^ vomiting demanded some atten- 
tion since the animals were made to vomit from drugs at the same 
place and under the same conditions for several days in succession. We 
liave found that some dogs develop this conditioned reflex after a few 
days, which may then persist for montiis. An animal so “conditioned” 
may begin to lick and swallow when placed on the table and may vomit 
by the time the electrodes are applied. In these experiments, therefore, 
the animals were allowed to remain on the table for some time before 
the injections were made in order to detect such reactions. 


RESULTS 

The experiments on cats will not be reviewed in detail inasmuch as 
there were no electrocardiographic records of cardiac changes. With 
the doses used five of the fifteen experiments demonstrate definite in- 
terference with the vomiting reflex after repeated injections of the digi- 
talis bodies. The different experiments varied widely in the number, the 
size, and the intervals between the individual doses. The following 
condensed protocol of one experiment will illustrate, however, the type 
of reaction from which it was deduced that an interference with tlie 
vomiting reflex had occurred. 


Cat, female, weight 1.32 kg. 

October 8 

2:48 0.1 lug. digitoxin per kg. intravenously, 

2:50 Palls on side. 

3:13 Nausea. 

3:15 Yomits. 

5:20 Has vomited seven times. 


October 10 
2:35 
2:37 
3:03 
3:47 
3:57 

October 11 
12:54 
1:03 
1:26 
3:10 
6:30 

October 12 
9:00 


Slight depression; drinks water. 

0.1 mg. digitoxin per kg. intravenously. 
Vomits. 

Vomits. 

General deijression. 


flight depression; drinks water. 

0.03 mg. digitoxin pet kg. intxavenously. 
Kcfuses water and inea,t. 

General aepressi.u b.,t able l„ st.nj 
fetill no vomiting; general condition same. 


Pound dead this morning, 
during niglit. Autopsy — no 


signs of vomiting 
evidence of infection. 
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Of the six experiments with dogs the results in five will he presented 
in some detail in order to convey an idea of the variety of conditions 
under which the phenomenon nnder consideration may appear. Sum- 
maries are given in Tables I to Y. In the case of the sixth animal, 
vomiting occurred after eaeli of the three dailj’’ injections of digitalis 
and fifteen minutes after the last dose the respiration ceased, although 
the heart continued to beat while artificial respiration was maintained 
for an hour. This behavior is atypical and does not show any inter- 
ference with the vomiting reflex. 

Table I 


DATE 

TIME 

DOSE 

PER CENT OP FATAL 
SINGLE 1 TOTAL 

NAUSEA 

AND 

VOMITING 

ONSET 

IN 

MINUTES 

CARDIAC CHANGES 

May 8 

3:06 

33 33 

Vomiting 

13 

Temporary change in 
focus of pacemaker 

May 9 

3:31 

17 50 

Nausea 

No vomiting 

1 

Normal rhythm 


4:14 

4:51 

17 67 

Apomorphine HCl 

0.5 mg., muscle 

Vomiting 

No vomiting 

11 

Bradycardia 

Sinus tachycardia -4 
ventricular tachy- 
cardia . 


5:09 

Apomorphine HGl 

1.0 mg., muscle 

Nausea? 

No vomiting 

— - 

Sinus tachycardia 

May 10 

3:08 



— — 


Normal rhythm, 
slight depression of 
E-T segment 


3:09 

Apomorphine HCl 

0.5 mg., muscle 

Nausea 

No vomiting 

2 

Sinus tachycardia 


3:25 

17 84 

No vomiting 

— 

Ehythm normal, 
greater depression 
of E-T segment 


3:39 

17 100 

Vomiting 

4 

Bradycardia — > ’ven- 
tricular tachycardia 

May 11 

9:00 



— 

— 

Pound dead 


Host, male, 7.0 kg. Tr. digitalis was used diluted witli an equa 
saline solution after evaporation of alcohol with moderate heat, 
above in percentagre of the total fatal dose for this animal. 


Doses are stated 


Experiment I. — This experiment lasted three days; the results aie 
in Table I. Thirty electrocardiograms were taken during this period, ten o w i 
are reproduced in Fig. 1, and represent the essential cardiac changes. On le ir 
day, one-third of the total dose of digitalis which proved fatal for this am * 
was injected intravenously. Tliis produced vomiting but no persistent changes 
the electrocardiogram (Tracings 1 and 3). The following morning t le og ^ 
peared fairly normal, but was still nauseated and refused 
second injection consisting of one-sixth of the fatal dose was ma ^ ''V ‘ 

slowing of the sinus rate and marked nausea but no vomiting ( racing 
After a third injection, one-sixth of the fatal dose, the animal became very^ , 
there was profound slowing of the heart rate, severe nausea repeated ro g, 
respiratory distress, and excitement. When this disturbance had partia 
the electrocardiogram appeared practic.ally as it had before any digi * 
aiven (Tracing 16). On the morning of the third day tlie amma • 
slightly depressed. An injection of digitalis, onc-sixth of the fatal 
marked depression of the E-T segment but no aonsca or 
although bv now a total of S4 per cent of the fatal dose of the d g 
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given.. The repetition of this dose resulted in the same type of symptoms as oc- 
curred after^ the second dose on the day previous, namely, repeated vomiting, 
marked respiratory distress, and depression. In addition, liowever, a ventricular 
tachycardia was now produced (Tracing 29). The animal was found dead tlie 
following morning, and autopsy showed no signs of infection. 

Repeated injections of digitalis, tlierefore, 2 >rodueed progressively increasing 
poisoning of tlie heart which was not consistently reflected in the symptom of 
vomiting. For e.xample, after 33 per cent of the fatal dose vomiting occurred, but 
the E-T segment was not altered; while after 84= per cent, vomiting was absent 
although this amount of digitalis was sufficient to produce marked depression of the 
E-T segment. 

After 67 per cent of the fatal dose of digitalis had been given, 1.5 mg. 
apomorphine then failed to cause emesis, and 0.5 mg. apomorphine before the digitalis 
on the following day was also inetfeetive. Since the average minimum intramuscular 
emetic dose of apomorphine in the dog is about 0.02 mg., there can be no question 
of the increased threshold of the vomiting reflex to apomorphine in this case. That 
the apomorphine had been rapidly absorbed is evident from the fact that the 
injection was followed in two minutes by marked acceleration ' of the heart rate 
(Tracings 17 and 24) while the animal was lying perfectly quiet. 


Table II 


DATE 

TIME 

DOSE 

NAUSEA 

AND 

VOMITING 

ONSET 

IN 

JIINUTES 

CARDIAC CHANGES 

May 9 

11:48 

60% c.u. Digitalis 

Nausea 

1 

Normal rhythm 




Vomiting 

5 


May ll' 

10:15 

Apomorphine HOI 

Vomiting 

4 

Normal rhythm 



0.25 mg., muscle 




Mav 19 

2:57' 

Ouabain 

Nausea 

2 

Ventricular 


1 

1 

0.05 mg., vein 

Vomiting 

8 

1 tachycardia 


4:00 

Apomorphine IICl 

Vomiting 

4 

1 Ventricular 



[0.25 ing., muscle 

1 


tachycardia 

May 20 

12:00 



j 

Sinus tachycardia 


12:20 

Ouabain 

No nausea 



Ventricular tachy- 



0.05 mg., vein 

No vomiting 

__ 

cardia in three 






minutes 


12:37, 

— 


— - 

Convulsion ; deatli 


Doe, female. 24.8 kg. c. u. (cat units). Tincture digitalis was useu, umiiui 
an equal volume of normal saline after the alcohol was evaporatefl oft ^Aitn mo 
heat. A solution of ouabain in normal saline 1 in 1000 was used. 


Experiment II. — The results of this experiment are summarized in r.ible • 
Twenty-five electrocardiograms were taken, and the essential tracings are reproduce 
in Pig. 2. The first dose of digitalis induced salivation and vomiting m nc 
minutes, and after a temporary sinus tachycardia (Tracing 3), the electrocardiogram 
became entirely normal (Tracing 7). Subsequently 0.05 mg. ouabain caused tomi 
ing in eight minutes and, in addition, a ventricular tachycardia (Tracing li)- 
following day the dog refused food but took a large quantity of water which ums 
promptly regurgitated. There was no 'further nausea or vomiting, allhough sain a 
tion appeared before the next injection. The animal was somewhat less liielj 
normal but not markedly depressed. There was a sinus taciiycardia (Tracing )• 
After the dose of ouabain on this day respiration remained unchanged, slight dro'^'' 
ness was induced, and a vcntricnhiT tachycardia appeared (Tracings 23 to 
whidi progressed to ventricular fibrillation. Tiiis, in turn, w.as followed by a con- 
vulsion and death. Tlie last dose of ouabain bad produced a toxic action on the 
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heart -without the slightest signs of nausea or vomiting although seventeen minutes 
had. elapsed between the injection and death. 

The first injection, of ouabain caused vomiting five times in a period of thirty- 
five minutes. An intramuscular injection of 0.25 mg. apomorphine given twenty- 
five minutes later promptly produced vomiting which recurred six times. This re- 
sponse was essentially the same as that obtained by a previous control injection 
of apomorphine. 


Table III 


DATE 

TIME 

SINGLE 

DOSE 

MG./KG. 

TOTAL 

DOSE IN 

NA-DSEA AND 

ONSET 

IN 

MINUTES 

CARDIAC CHANGES 

% OF 
FATAL 

VOMITING 

May 20 

4:41 

0.025 

16.7 

Nausea 

1 

Normal rhythm 

4:54 

0.025 

32.4 

Nausea 

1 

Normal rhythm 





Vomiting 

4 

Normal rhythm 

May 21 

12:11 

0.025 

49.1 

Nausea 

5 




Vomiting 

6 

Ventricular tachycardia 


3:15 

0.025 

65.8 

Vomiting 

11 





(atypical) 


Periods of ventricular 

May 22 

9:00 






— 






tachycardia, sinus 
tachycardia, prolonged 








P-R intervals 


9:45 

0.008 

71.1 

No nausea 


Same as above 





No vomiting 

__ 

Sinus bradycardia, ven- 


1:41 

0.008 

76.4 

No nausea 





No vomiting 



tricular ectopic beats 


2:04 

0.008 

81.7 

Nausea 

3 

Ventricular tachycardia 





Vomiting 

5 


/ 

2:51 

Apomorp 

line HCl 

(atypical) 

Nausea 

2 

Ventricular tachycardia 



0.25 mgy 

muscle 

Vomiting 

6 

Ventricular tachycardia 
Ventricular tachycardia 

May 23 

9:39 

9:43 

0.008 

87.0 

No nausea 

— 


10 :23 

0.006 

91.0 

No vomiting 
No nausea 

— 

Ventricular tachycardia 


10:35 

0.012 

100.0 

No, vomiting 
No nausea 

— 

Ventricular tachycardia 


10:55 

— 

— 

No vomiting 

— - 

Ventricular fibrillation ; 
convulsion ; death 


Dog, male, 12.7kg. A solution, of ouabain in normal saline 1 in 1000 was used, 


Experiment III. — The duration of tliis experiment was four da-ys during wliic^ 
thirty-three electrocardiograms were taken. Tlie results are summarized in Ta e 

and the essential tracings given in Eig. 3. . 

The first dose of ouabain (16.7 per cent of the fatal) caused nausea^, a 
same dose given thirteen minutes later induced vomiting in four mmu cs, 

■was repeated ten times in the following thirty-seven minutes. The ® . I 

grams of this day showed no abnormal rliythm (Tracings 2 and 0), ant ic a 

showed no depression. , fimes 

The folio-wing morning it was evident that the animal had vomited sc\ 
during the night. Food was refused, but the dog drank a large quantity o 
and appeared fairly normal. The electrocardiogram showed an 
rhythm (Tracing 11) which remained unchanged .after the next injection o ■ ; 
(16.7 per cent of the fatal dose) (Tracing 14). This dose also caused vomit mg 
which was repeated six times. The repetition of tins dose ncarlj two ‘ . 

vomiting had stopped produced a ventricular tachycardia (Tracing 1<), 
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Fig. 3. 
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to a severe generalized disturbance that Avas characterized by slow, deep, and gasp- 
ing respiration and violent excitement in which the animal threw itself about and 
cried out. Eepeated atypical retching movements ensued. Considerable restlessness 
and marked weakness lasted for more than an hour and a half, after which the 
animal shoAved improA’ement and drank a large amount of Avater. 

On the morning of the third day, there Avas no evidence of vomiting during tlie 
night. The animal appeared slightly Aveak, but again drank a large quantity of 
Avater, The electrocardiogram shoAved long periods of A’entricular tachycardia 
(Tracing 21). Taa’o doses of ouabain (each 5.3 per cent of the fatal) produced 
further cardiac changes but no A'omiting (Tracings 24 and 25). A third dose 
induced an attack similar to that on the preAuous daj', Avith extreme respiratory 
distress and atypical retching (Tracing 27). After partial recovery from this, the 
animal Avas capable of vomiting from apomorphine. 

On the morning of the fourth day, there AVas again no sign of vomiting during 
the night. The animal Avas slightly depressed, and drank a considerable quantity 
of Avater but refused food. The electrocardiogram shoAved ventricular tachycardia 
(Tracing 30). Three doses of ouabain Avere injected but produced neither vomiting 
nor even signs of nausea. The last of these doses caused another seA'ere attack 
of excitement and respiratoiy distresis, the animal biting at tlie chain, claAving 
violently at its mouth, belching, and grunting. There Avas partial recovery in 
about fifteen minutes, but as the animal was lifted from the floor and placed 
on tlie table, a convulsion occurred and the electrocardiogram shoAved ventricular 
fibrillation (Tracing 33). On this day, altliough a dose of ouabain had been 
given Avliich produced fatal poisoning of the heart, there Avas neither nausea nor 
vomiting. 

Table IV 




DOSE 

MG./KG. 


ONSET 


DATE 

TIME 

VOMITING 

IN 

MINUTES 

CARDIAC CHANGES 

June 6 

1:49 

0.10 

Vomiting 

26 

Normal rliythm 


3:48 

0.05 

Vomiting 

12 

Normal rhythm 

June 7 

10:15 

0.05 

No Ammiting 



Normal rhythm 


11:10 

0.05 

Vomiting 

7 

Normal rhythm 

.June 9 

1:50 

0.10 

No vomiting 



Normal rhythm 


2:52 

0.10 

Vomiting 

8 

Normal rhythm 

June 10 

11:21 

0.10 

No vomiting 



Normal rhythm 


12:57 

0.05 

No A’omiting 



Normal rhythm 


2:17 

0.10 

No A'omiting 

1 

Normal rhythm 


3:47 

0.10 

No A'omiting 

1 

Ventricular ectopic beats 


4:40 

Apomorpliine HCl 

Vomiting I 

3 

Normal rhythm 

June 11 

12:14 

1 mg., muscle 

0.15 

No A'omiting 


Ventricular ectopic heats 

1:33 

0.15 

No A'omiting 


Ventricular ectopic beats 


2:34 

0.15 

No A'omiting 

1 

Ventricular tachycardia 


3:34 

Apomorphine TICl 

No vomiting 



Ventricular tachycardia 


3:50 

0.25 mg., muscle 
Apomorphine JICI 

No vomiting 


Ventricular tachycardia 


4:00 

0.25 mg., vein 
Apomorphine HCl 

Vomiting 

3 

A’eiitricular tachycardia 

.Tune 12 

11:25 

3:35 

0.50 mg., muscle 
0.15 

Picrotoxin-like 

Vomiting 

49 

Ventricular tachycardia 
Ventricular tachycardia 



convulsions 

— 

— 



4:10 

Death 



, 1ft IH 


Dnir male. Ib.^ kk. .rv soiuiiun ut y-. 

1 c.m^lcoliol and diluted ten time.s Avith normal .«iaIlno for Injection. 
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fi- "3^ 

12:95 QcnJUtot ^ i 


£ /;3p ia^a/KmiM/'AAtit,; 


! i \^\^\ 


w.'iwss 


J ■' ■ Mi; . i ! 

■i v!. ^ ' 


uik 


;//: ffilsfl Cn^ ' 


loflt/ao 


V.R ^ 


! ‘i tf 'y***t^N***^N^ 




m:^ 


i I p I ■ 


. m/s^ ! \«B. W ’ 
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Nf ! i ^ :• 80I- 




i-it! 1 U 


V.H 93 
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Fig. 4. 
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Experiment IV.— In this experiment fifty-five electrocardiograms Mere taken. 
A^one are reproduced, since the tracings are essentially the same as those of 
Experiment III. The relation between the repeated injections b'f digitoxin and 
the occurrence of vomiting is shown in Table TV. It may be seen that emesis 
occurred after the total dose given on each of the first three days (June 6, 7, 
and 9). On the next two days (June 10 and 11) even larger doses failed to cause 
vomiting, although a greater toxic action on the heart ivas in evidence, namely, 
ventricular tachycardia. On the following day (June 12) an injection caused 
vomiting and death. Thus, a progressive increase in the threshold of the vomiting 
mechanism is shown. On the first day, 0.1 mg. digitoxin caused vomiting. On the 
third day (June 9), 0.1 mg. was no longer .effective, while 0.2 mg. still induced 
emesis. On the fourth day, even after 0.35 mg., vomiting did not occur. On the 
fifth day, 0.45 mg. was also insufiScient to cause vomiting. On the last day, a dose 
of 0.15 mg. produced vomiting, but by this time sufficient cumulation had taken 
place for this small dose to cause death. 

Table V 


DATE 


Oct. 15 


Oct. 16 


Oct. 17 


Oct. 18 


Oct. 19 


TIME 

DOSE 

NAUSEA AND 

ONSET IN 

CARDIAC CHANGES 

MG./KG. 

vomiting 

MINUTES 

1:15 

Apomorphine HOI 

Nausea 

1 

Sinus -tachycardia 


0.05 mg., vein 

Vomiting 

1 


3:21 

0.10 

Nausea 

3 

Sinus slowing 



Vomiting 

34* 


11:00 

0.05 

No nausea 



Sinus slowing 



No vomiting 




11:58 

0.05 

Nausea 

1 

Sinus slowing 



Vomiting 

44 


1:48 

0.05 

Nausea 

i 

Sinus slowing 



Vomiting 

2 


10:30 

0.05 

Nausea 

1 

Normal rhythm 



No vomiting 

— 


12:05 

0.05 

No nausea 

— 

Sinus slowing 



No vomiting 

— 


1:10 

0.05 

Nausea 

5 

Sinus slowing 



Vomiting 

6 

Sinus slowing 

2:10 

0.05 

Vomiting 

130t 

2:07 

0.05 

No nausea 



Sinus slowing 



No vomiting 



Sinus slowing 

3:07 

0.05 

No nausea 





No vomiting 



Sinus slowing 

4:07 

0.05 

Nausea 

3 



Vomiting 

4 

Dropped beats 

4:52 

0.10 

Nausea 

S 



Vomiting 

23 1 

Dropped beats 

10:53 

0.10 

Nausea 

47 



No vomiting 



Dropped beats 

12:00 

0.05 

Nausea 

25 

i 

1:12 

0.05 

No vomiting 
Nausea 

6 

More frequent dropped 

3:00 

Apomorphine HCl 

No vomiting 
Nausea 

3 

heats 

Sinus tachycardia with 


0.05 mg., vein 

Vomiting 

23 

A-V block 


Do 

C.C, 


male, .7.G Kg', suiuliuh ui v 

1 C.C, alcohol and diluted ten times with normal saline for injection. ,.„™uinir 

*After preliminaiT nausea ate meat ravenously and then had nausea an 
twentv minutes later. •, .... :„„i „.o<: ic/nc 

tlri this case there were no signs of nausea or vomiting while the anim v 
on the table, but when placed on the floor, it vomited ^ „ table. 

tVomited again only after being placed ’on° Its^ back? nor In any 

Neither in this case nor in that above was the animal I>ing on us oacK. *.u 

way restrained. 
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men the animal began to sho^v resistnnec to the emetic action of ^toxin, 
it ^as also resistant to that of apomorphine. An intramuscular mjeebon of O'- ^ 
apomorphine and a sunilar dose given intravenously sixteen minutes late p 
inetfeetive. An additional dose of 0.5 mg. intramuscularly produced vomiti g 
three minutes. 

Expemment V.— This experiment was conducted for five days. Thirty-scien 
electrocardiograms were taken. The essential facts are summarized in Tab e % 
and illustrated by the tracings in Pig. 4. The animal vomited from the digitoxm 
injections on each of the first four days but failed to do so after the digito.xm 
on the fifth day. So far as the cardiac poisoning is concerned, the dose that 
produced vomiting on the first day was insufficient to cause heart-block (Tracing 10). 
On the other hand, vomiting was absent on the fifth day after a total quantity of 
the drug that was sufficient to produce heart-block (Tracings 33, 36, and 3/). It 
is interesting to compare Tracings 6 and 37. Each shows the sinus tachycardia 
following apomorphine. Tracing 6, however, is otherwise normal, the P-E intervals 
being 0.04 to 0.06 second, while Tracing 37 shows in addition to the sinus tachy- 
cardia a marked toxic action of digitoxin, namely, P-E intervals 0.10 to 0.12 sec- 
ond, dropped beats, a ventricular ectopic beat, and marked depression of the E-T 
segment. After Tracing 6, digitoxin produced emesis without any electrocardi- 
ographic signs of toxicity, while at the time that Tracing 37 was taken there was 
marked resistance to the emetic action of digitoxin. 


DISCUSSION 


The experiments of the present study set forth the fact that after 
repeated doses of tlie digitalis bodies the vomiting reflex in the dog 
and the eat shows a change in the reaction to the drug. Tliis change 
is such that a dose premously effective in producing vomiting becomes 
ineffective. The cardiac poisoning continues to increase progressively 
with the repeated doses so tliat ultimately a toxic rliythm without 
emesis is induced by an additional dose of the drug whicli at the begin- 
ning of the experiment caused vomiting without the toxic rhythm. 
This is perhaps the most significant fact of this study, because vomiting 
is generally relied upon clinically as a signal for the discontinuation of 
the drug in order to avoid serious cardiac poisoning. 


The explanation of the foregoing phenomenon brings up many pos- 
sibilities, such as (1) fatigue of the vomiting reflex due to prolonged 
vomb^mg, (2) general depression of tiie animal, (3) suppression of the 
vomiting reflex by a stronger impulse arising from the sudden disorder 
of the cardiac rhythm, (4) differences in the degree of fixation of the 
drug by different structures, (5) the development of tolerance to dio-- 
itahs by the structures eonceined ivitli vomiting, (6) direct depression 
of the vomiting reflex by the digitalis bodies. 

Fatigim of the vomiting reflex as the result of prolonged vomitiim 
suggested itself because toxic doses of digitalis cause very severe vomit’ 
mg that may last several hours and even days. In some eases it 

It .S ,vell ho™, l,owcvor. tih the yomitteg reflex recovei “ ^ 
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rapidly. Patients are often seen to vomit many times daily for weeles 
without signs of fatigue of this reflex, and in experiments witli tlie 
daily injection of apomorj)hine in dogs we have seen no sign of fatigue 
of this mechanism after vomiting many times following each dose for a 
period of ten days or longer. 


Genei’al depression of the animal can be dismissed as playing no role 
of importance in the failure to produce vomiting by digitalis in these 
experiments. When the heart was poisoned by large doses of the drug 
and the animal had refused food for three or four days, there was 
some weakness and general depression. At the time wlien the refle.x 
began to show a change in its response to the drug, however, the 
general depression wms in no case extreme, for the animals could stand 
up and walk about and in some instances di'ank water. 

It seemed possible that an abnormal impulse arising from the heart 
as the result of the sudden onset of an extremely toxic cardiac rhythm 
might interfere with the vomiting reflex, for there are many familiar 
examples of the suppression of one reflex act by another. This factor, 
however, could not have played any considerable role in these experi- 
ments because in some instances severe disorders of cardiac rhythm 
occurred before the animal showed any interference witli the vomiting 
reflex, while in other cases interference rvith this reflex was observed 
before any serious disorder of cardiac rhythm was in evidence. 

That differences in the degree of fixation of the drag by different 
cardiac structures might be an explanation of the above phenomenon 
was suggested particularly by the ohservations of Experiment I. In 
this ease the first dose consisting of 33 per cent of the fatal, induced 
vomiting. On each of the next two days approximately tlie same doses 
were necessary to induce vomiting. The fact that the animal died after 
the third day shows that iirogressive cumulation had taken place. But 
the fact that the same dose was required each day to induce vomifing 
suggested further that cumulation was not taking place in tlie struc- 
tures concerned with the vomiting reflex. This view, however, becomes 
untenable in the light of the well-knomi fact that vomiting from a 
large dose of digitalis may last for hours and even days. It would flid 
to explain the fact that in some instances after repeated injeefions, 
single doses larger than those which at first caused vomiting now failcc 


to pradnee it. 

The development of tissue tolerance by some structure of the ^ omit 
ing reflex w^ould explain the observation that larger doses of 
become necessary to induce vomiting after repeated inject ion.s. 
is no evidence, however, that any other cardiac structure can develop 
tolerance to digitalis. Furtbermore, it. would be extraordinary H i 
specific tolerance developed to digitalis were to extend to sue i a o a , 
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difaont tag OS apo.EOvphi„e. masmta as 

sislant to digitalis may also l.ocomc fcs.stant to ;«>< ''“1*^ 

The most probable explanation of the change ni ic -1 _> ^ ^ 

vomiting rofloE apimavs to be that vcpcated cunudattvo d-es ot d-g. U 
may eonthrao to inevease the cardiac poisoning while at ti c 
directly depressing the vomiting reflex. Tins rise “ 

of the vomiting reflex may entirely abolish the emetic action . 
doses of the drug (Tables II and HI) . An effort was made to dcterininc 
whether this elevation of the threshold to stimulation might 1)C incliicec 
by repeated small doses without ever causing vomiting, until a lata 
dose had been in.iected, in somewhat the same way as morphine in sma 
repeated doses may depress the vomiting center without ever causing 
vomiting. We cannot state whether this is possible in Ibc case of the 
digitalis bodies, for with the doses employed in these experimenis vom- 
iting always occurred for the first time after the adniinisl ration of only 
small fractions of the total quantities that jirovcd fatal in the course 
of several days. 

The increase in the threshold to stimiilalion by digitalis is not specific 
for that drug, but apiilics also to a])omorphiiic. In ]5xperinieut T, 
seventy-five times the minimal emetic dose of a])omorphine given intra- 
muscularly failed to cause vomiting at a time when the animal had be- 
come resistant to vomiting by digitalis. In Exjierimciit IV, when llio 
vomiting mechanism became resistant to digitoxiii so that nearly five 
times the previous emetic dose was iueflieetive, the animal was still 
capable of vomiting promptly from apomorphine. In this ease, how- 
ever, much larger doses than normally were rc(iuircd, for about twelve 
times the minimal intrami;scular emetic dose and more than twelve 
times the minimal intravenous emetic dose given sixteen minutes later 
failed to cause vomiting. In the remaining experiments there \vas no 
evidence of increased tolerance to apomorphine. The doses, however, 
were too large to permit the detection of slight, degrees of tolerance 
if any had developed. The fact that in two experiments the animals 
failed to vomit from such large doses of apomorphine leaves little doubt 
that repeated injections of tlie digitalis bodies rendered the reflex 

resistant to sWlation not only by these drugs but, bv apomorphine 
as well. 

Onr experiments afford no direct evidence for the exact seal of tlu.s 
depression of the vomiting reflex. Iji view of the recent studies^ which 
indicate that digitalis vomiting i-esults from stimulation of iieriiilicral 
endings in the heart, it seems probable that the depression of this re- 
ftex IS also due to a peripheral action. The fact that the depression 

indicates that not only the cardiac 
Wiers but also other peripheral fibers are depressed by di^-itilis 
Hatcher and Weiss^ have slionm that the digitalis bodies' may'" stim- 
u a e peripheral nerve fibers other than tliosc in tlie heart." 
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In man, gastrointestinal disturbances are usually the first indications 
of digitalis poisoning. It is not uncommon, however, for abnormal 
cardiac rhjdhms (premature beats, bigeminy, block)- to appear as the 
initial signs of toxicity. It is also observed that patients who are re- 
ceiving large doses of digitalis die occasionally under conditions whicli 
suggest that the drug may have been responsible for the fatality, al- 
though nausea and vomiting were absent. For example, in the recent 
stud^’- on digitalis therapj'- in lobar pneumonia reported by Wyckoff, 
Du Bois, and Woodruff,® it was found that patients receiving digitalis 
showed a higher mortality (41.4 per cent) than those who were not 
treated with the drug (33.7 per cent), and furthermore, that the highest 
mortality (64.2 per cent) occurred in that group which at no time 
showed nausea or vomiting, although very large doses of the drag were 
administered. This observation is not strictly analogous to those of the 
present experiments, although it is conceivable that the pneumonia or 
the large doses of the drug or both, may have produced depression of 
the vomiting reflex which rendered it resistant to the usual action of 
digitalis. As -we have already mentioned, animals have occasionally 
been observed to die without vomiting follo-\wng a single large intra- 
muscular injection of ouabain. 

The clinical observations that bear more closely upon the results of 
the present study are the follo-\ving: patients sometimes vomit from 
the toxic action of digitalis, and then as the drug is continued, vomit- 
ing ceases and other toxic effects appear in the form of frequent pre- 
mature contractions or a bigeminal rhythm. There are several possilile 
explanations for such changes. It is probable that active carditis and 
the progressive myocardial failure of the terminal stages of heart dis- 
ease, both of which render the heart more susceptible to toxic rhythms 
produced by digitalis,® may exiilain these observations in some instances. 
The experiments of the present study deal with intense poisoning of the 
heart and it is not possible at present to state how frequently such 
conditions are duplicated in the clinical use of the digitalis bodies. It 
will, however, be well to bear in mind the fact established in these an- 
imal experiments, that the continued administration of large doses of 
these drugs may depress the vomiting reflex wdiile progressively increas- 
ing the intensity of the cardiac poisoning, and that, after an initial 
period of vomiting under these conditions the digitalis bodies may even 
cause death wnthout further vomiting. 

CONCLUSION 

Eepeated doses of the digitalis bodies may depress the vomitnig 
reflex while simultaneous^’' increasing the intensity of the caiciac 
2 ioisoning, so that after an initial period of vomiting the continucf 
administration of these di’ugs may fail to produce emesis and ma} e\cn 
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cause death without further vomitiug. These experimental results sug- 
gest the need of caution in relying upon nausea and vomiting as 
measures of the degree of cardiac poisoning in the clinical use of the 
digitalis bodies. 
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EOSINOPHILIA DUB TO THE ADMINISTRATION OP 

DIGITALIS'^ 

Abigail E. Smith, M.D., and Stanley R. Benner, i\LD. 

Saint Louis, ]Mo. 

T N THE foreign literature, a few eases have been reported in which 
the administration of digitalis or its derivatives has been associated 
with a definite increase in the number of eosinophiles in the cireidat- 
ing blood. 

Reeht^ records the study of a series of patients who had received 
digitalis (the powdered leaf and digipuratum) to the point of pro- 
ducing nausea, bradjmardia, and other minor toxic symptoms. He 
states that on the average an eosinophilia of 6 to 8 per cent was ob- 
served. There were, however, in his series two outstanding eases 
which showed an eosinophilia of 18 to 20 per cent and 12 per cent, 
x’espeetively. Tlie first of these ivas a woman of fifty-six years with 
congestive heart failure Avho had been without digitalis for four weeks 
before admission to the hospital. Her eosinophile count on admission 
is not stated. She ivas given large doses of digitalis, and on the second 
day after admission, had an eosinophile count of 18 to 20 per cent. 
At this time digestive disturbances, bradycardia, and bigeminy indi- 
cated cessation of digitalis administration. While digitalis ivas with- 
held, the eosinophile count dropped graduallj’’ to 5 or 6 per cent, and 
remained at this level for several iveeks. After two montlis, it was 
again necessary to gii^e digitalis. The eosinopliile count increased 
slowly to 9 per cent and at the end of three weeks reached 12 per cent. 
The second ease, similarly treated, shoAved a maximum count of 12 pcj' 
cent under digitalis therapy. Recht attributes this increase of eosino- 
phile cells in the blood to the stimulation of the Amgus or autonomic 
nerAmns system by the Amgotropic drug, digitalis. Other causes for 
eosinophilia were considered to haim been excluded in his cases. 

Braun- reports a case of congestHe failure AAuth edema, in Avhich an 
“eosinophilia” the degree of Avhich is not stated, occurred during 
digitalis administration. Braun attilbutes this to a foreign protein 
reaction due to absorption of the edema fluid. 

On the other hand, N. Diakoff" in a recent report on the therapeutic 
efficiency of some digitalis groAAUi in Perm, states that Avhile the sam- 
ples shoAved satisfactory therapeutic activity, there Avas no occurience 
of eosinophilia in the 14 cases AAdiich Avere studied during administra- 
tion of the drug. 

♦From the Department of Medicine, AA'ashington Univcr.sity, and tlic Barnes Hospi- 
tal, St. Louis, Missouri. 
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The following ease of eosinophilia associated with digitalis admin 
istration occuiwed nnder o\u’ observation. 


CASE llEPORT 

The patient was a negro male, tliirty-.six years old, admitted io tlie Out-p.itient 
Department for the first time in June, 1020. He comiilained of shortness ol 
breath, cougli, and prccovdial pain. He had had measles and mumps in childhood, 
and pneumonia in 1926. He had liad an attack of rheumatic fever at tlie age of 
seven years, and a similar attack each winter until tlie age of twciity-onc. Jhero 
had been no severe attacks of rheumatism since that time. In February, 1929, 
nine months before admission, he had an attack of fever with painful and swollen 
joints, became short of breath, and developed a productive cough. In April, 1929, 
he began to have edema of the ankles and was in bed for a month. He had been 
vomiting 1 to 3 times a day. and had had nocturia .3 or 4 times a night. 

In June, 1929, he entered the Out-patient Department and was treated with 
digitalis and bed rest at home. He improved temporarily, but after four months 
developed decompensation and was referred to the hosjiital. 

On October 14, when he entered the hospit.al, his jihysical e.vaminaiion .showed 
the lieart to be enlarged to the sixth left intercostal space and outside the mid- 
clavicular line. There was a blowing systolic murmur at the ajie.x. No diastolic 
murmur could be heard. The cardiac rhythm was totally irregular with a ])ulse 

120-90 

deficit of 35 beats per minute; B.P.— — . There were rales scattered through- 
out the lungs. The liver was felt 1 or 2 finger breadths below the eost/il margin. 
There Avas no edema of the cxtrcmitie.s. 

With bed rest and digitalis in usual amounts, he seemed to regain compensation, 
though the cough persisted. He Avas discharged on October 26. 

The laboratory findings on tiiis admission Avere; 


Wliitc blood cells 10,600 

PKU CKXT 

Polymorpbonuclcars C)7 

Lymphocytes 2S 

Transitional cells 4 

Eosinopliilcs p 

Unclassified p 

Wassermann negative 


He was admitted to the hospital again, one month later. The cough Avas more 

d lest. At tins time a low diastolic miinmir was hoard along the left sternal 

to another hospital in which he stayed until March, 1930 
The differential blood count on the second admission was: 


White blood cells 


7,260 


Basophiles 
Eosinophiles 
Myelocytes 
JuA’eniles 
Stab cells 
Segmented cells 
Lymphocytes 
Monocytes 


PER CENT 
1 
1 
0 
0 
1 

69 

26 

2 
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He was readmitted on. our service on April 30 with dyspnea, orthopnea, edema 

ISO ^ ^ ^ 

nausea, vomiting, and distressing cough; . Digitalis was withheld for 

six days and then commenced again. He improved considerably and was discharged 
on May 28. 

His course was followed through the Out-patient Department and he was re- 
admitted on October 30 on account of incessant cough and decompensation; there 
was bloating of the abdomen, probably ascites, and edema of the legs. The liver 
was enlarged and tender. He had been receiving 25 drops of tincture of digitalis 
three times a day previous to admission. Because he had begun to vomit, it was 
considered that the patient was showing early symptoms of digitalis intoxication 
and the drug was stopped. 

The laboratory findings at the time of this admission were of special interest. 


10/30/30 White blood count 12,000 

PER CENT 

Basophiles 1 

Eosinophiles 9 

Juveniles 0 

Myelocytes 0 

Stab cells 3 

Segmented cells 55 

Lymphocytes 30 

Monocytes 2 

11/ 3/30 Blood eosinophiles 26 

11/ 7/30 Blood eosinophiles 24 


Sputum contained no eosinophiles. 

Stool contained no parasites. 

The rapidly rising eosinophile count attracted much attention. An exhaustive 
search was made for parasitic infection but none could be found. A complement- 
fixation test for echinococcus was negative. There was no dermatitis or other 
obvious dermatological condition. 

At this time, the literature concerning the relation between digitalis and 
eosinophilia came to our notice and it was decided to omit digitalis administration 
as long as possible in order to observe the effect on the differential blood count. 

11/13/30 Blood eosinophiles 20 per cent 

The patient, who had received no digitalis for two weeks, was beginning to shon 
evidence of increasing decompensation. 

11/17/30 Blood eosinophiles 12 per cent 

Stool negative for parasites 
11/19/30 Blood eosinophiles 11 per cent 

Dr. L. W. Dean examined the patient at this time and made the following repo 
on Ms nasal condition. ‘ ‘ The nasal mucosa is reddened, the tint being a little 
than normal. The turbinates are of normal size. There is complete absence o ic 
edema which usually characterizes the presence of eosinophiles in the na.sal smear. 
Nasal smear, however, showed: 

PER CENT 

55 
31 
14 


Eosinophiles 

Lymphocytes 

Polymorphonuclears 
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11/20/30 


11/21/30 

11/23/30 


The patient .vas shelving marked signs of decompensation cat 

decided that digitalis therapy should he resumed. He reeeiicd 8 
S or 0.8 gn' of digitalis leaf at 3 n.M. and 4 cat units, or 0.4 gm. 

more, at 10 p.m. 


There ivas a marked improvement in symptoms and appearance. 

Blood eosiuophiles 19 per cent 

Beceiving 0.1 gm. of poivdered digitalis leaf per day he felt veil. 


Blood eosiuophiles 
11/25/30 Blood eosinophiles 

11/30/30 White hlood cells 

Blood eosinophiles 
12/ 3/30 Blood eosinophiles 
12/ 8/30 Blood eosinophiles 


rER 

CENT 


30 


30 

9,7 

50 

PER 

CENT 


30 


30 


30 


Upon this maintenance dose of digitalis the eosinophiHa ivas held at a constant 
level. The compensation of tlie heart seemed to be restored. The cough dimuushed. 
He vas able to be up most of the time and although his capacity for exertion was 
greatly limited, he was discharged on Dee. 13, 1930, with directions to take 60 
minims of a tincture of digitalis each day. 

Decompensation of the heart began almost immediately after discharge from the 
hospital and he was readmitted on Dec. 29/ 1930. He showed orthopnea, cyanosis, 
ascites, and edema. The heart sounds were of poor quality and the liver was much 
enlarged. 


Blood eosinophiles 


11 per cent 


He never rallied after admission. He developed a temperature of 41.2° C., be- 
came irrational, stuporous, and finally died on Jan. 3, 1931. 

At autopsy the heart showed sclerosis and scarring of the rheumatic type, causing 
stenosis of the mitral valve and insufficiency of the aortic valve. There w’as cardiac 
hypertrophy and chronic myocarditis. Edema of the lungs and chronic passive 
congestion of the liver, kidneys, and viscera were apparent. No parasites were 
found. 

COMMENT 


It is interesting that the patient had been tinder observation for a 
year and four months before eosinophilia ivas noted. Although digi- 
talis had been given on more than one occasion, when the high eosino- 
phile count was first discovered, he had been receiving outside of the 
hospital what appeared to he a mildly intoxicating dose. The history 
makes it apparent that no particular preparation of digitalis could be 
blamed for the eosinophile response ivhich at one time followed a 
tincture given in the Out-patient Department and at another seemed 
to be induced by large doses of the powdered leaf. 

The relationship of digitalis administration to eosinophilia during 
the later admissions is shown in Fig. 1. 

At the time the blood count was showing a persistent eosinophilia 
of about 30 per cent (see next to last admission) the patient was sub- 
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Fi- 2. Tlie effects of pilocarpine, atropine, and aflronalin on tlie eosinopliile count. 
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jected to a series of experiments with atropine. “id 

pine. Clinically, lie slioivecl no luuisual susceptibility to ai^^ of tl 
drugs. The effects on the eosinophile count are shown in. Fig. 

Pilocarpine was without effect. Adrenalin produced a sharp di^p 
with a gradual rise to the original level. Atropine, in a dose of 0.5 
mg., caused a rapid though slight drop with almost immediate return. 
The effect of 1.0 mg. of atropine was more striking and much more 
persistent. In seven hours the eosinophilia had not returned to its 
original level. 

Observations were made upon a series of 9 patients with heart dis- 
ease, all of whom were under the full therapeutic effects of digitalis. 
In no case was there an eosinophilia of more than 4 per cent. The 
authors have had verbal reports, however, from Dr. J. F. Bi'edeek of 
3 patients in whom an eosinophilia of 12 to 15 per cent could appar- 
ently be attributed to digitalis. 


DISCUSSION 

The eosinophilic response accompanying digitalis administration 
would appear to be of infrequent occurrence. It has attracted little 
attention and is not mentioned in textbooks of blood conditions. Its 
mechanism is by no means clear. 

There is some evidence that the vagus or autonomic system has an 
influence on the number of eosinophile cells in the blood. A moderate 
eosinophilia is mentioned by Bppinger and Hess® as part of the syn- 
drome of vagotonia. It is also described by Schilling.^ Eosinojihilia 
has been observed in association with tumors, especially in chest tumors 
involving the region of the vagus nerves. Hajos, Nemeth, and Enyedy® 
have shown that direct stimulation of the vagus produces an increase 
of eosinophiles in the blood of experimental animals. Bertellini and 
Palta® have caused an increase of eosinophiles in dogs and man upon 
administration of pilocarpine and a decrease after giving atropine. 

The response of our patient to drugs partially confirms these obser- 
vations. It is true that pilocarpine caused no change in the eosino- 
phile count. Atropine, however, caused a diminished eosinophilia 
which after large doses tended to be persistent. 

Because it is known that digitalis has an effect on the vagus center, 
it is somewhat tempting to assume that the eosinophilia is a result of 
vagal stimulation in a specially sensitive person. In our patient, how- 
ever, It was not demonstrated that, clinically or from the standpoint 
of eosinophilic response, there was any unusual sensitiveness to the 
drugs which most affect the vagus. 


SUMMARY 

Eosinophilia apparently due to the administration of digitalis is 
lepoiled. Similar cases m the literature are cited. Observations have 
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been made on tbe effect of adrenalin, atropine, and pilocarpine on the 
eosinopbile count. Eosinopbilia as an effect of vagus stimulation is 
briefly discussed. Studies of tbe blood of 9 other fully digitalized pa- 
tients revealed no abnormal eosinopbilia. 
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OBSERVATIONS ON THE DURATION OP THE ELECTRICAL 
SYSTOLE OP THE HEART, AVITH SPECIAL REPERENCE 
TO THE EPPECT OF DIGITALIS'^’ 

Kurt Beruneb, IM.D. 

New York, N. Y. 

T he significance of clianges in the duration of tlie electrical systole 
is a problem -whicli still remains to be solved. In the electrocardio- 
gram, we consider as the duration of systole the time interval between 
the onset of the QRS wave and the end of the T-wave. AA^bile this Q-T 
interval may not exactly correspond to the actual systole of the heart, 
most authors agree that it is a satisfactory index of its duration and 
sufficiently accurate for comparative studies. 

The first fact which attracts our attention when comparing different 
electrocardiographic tracings, is the effect of lieart I’ate on the Q-T 
interT,’’al. In cases of bradycardia the Q*T interval is long, while in 
cases of tachycardia it is short. If we analyze a group of normal 
tracings, we make the further observation that, while systole shortens 
with increasing heart rate, diastole docs so still more rapidly. For 
example, at a rate of 50 beats per minute, the Q-T intciwal will be ap- 
proximately 0.40 second, the total cardiac cycle about 1.16 seconds; 
while at a I'ate of 135 per minute, the Q-T interval will be 0.29 second 
and the whole cardiac cycle only 0.44 second. In other words, at a 
rate of 50, systole occupies nearly one third of the cardiac cycle; while 
at a rate of 135, it fills more than two thirds of the cardiac cycle. 

The P-R interval varies with the heart rate in the. same manner. 
The first one to study the duration of the electrical systole sj^stem- 
atically, was Friderieia® (1920). Prom 50 carefully selected normal 
cases he published a table of normal values for the duration of the 
Q-T interval at heart rates vaiying from 50 to 135, and constructed a 
formula for the determination of the normal average duration of the 
Q-T interval, which he expresses as follows : 


S == 8.22 . V p 

(S = Q-T interval, p == pulse period.) 

IVidericia’s normal values were confirmed by Miki,^'’ Pardee,” and 
. D. White and S. G. Mudd.^® Another formula suggested by Lom- 
of Mikf comparative studies 

Hospital. New York! Cardiographic Laboratory of Mount Sinai 
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Besides the rate, another factor which has a definite effect upon the 
duratipn of the electrical . systole is the administration of digitalis. 
The quantitative measurement of this efireet is tlie object of the pres- 
ent study. 

Twenty-one patients with definite cardiac disease, but with regular 
rhythm were selected. Patients Avith irregular heart action, especially 
those AAuth auricular fibrillation, had to be excluded, for in those pa- 
tients it is impossible to determine accurately the rate per minute from 
a tracing Avhieh shoAA^s only 8 to 12 ventricular complexes, and, there- 
fore, it is also impossible to determine the normal value of Q-T for 
them. Measui’ements taken from the three different leads of the same 
patient varied up to 18 per cent, if the direction of T Avas the same in 
all of them, and Amried still more, if T Avas inverted in one or tA\m leads. 
Pridericia obseiwed that Avith inAmi-sion of the T-waAm the S-T interval 



Fig'. 1. — Case 10. A, before digitalization ; B, after digitalization. 

The QRS' interval -svas measured first, from the beginning of Q to the eml of ^ 
Then the S-T interval ’s\'as measured, from, the end of S to the end. of T. The Q-i 
interval “was obtained by the addition of the QBS and the S-T intervals. 


Avas alAvays shorter than Avith an upright T. This finding is con- 
firmed in the present study. All final measurements Avei*e done on 
Lead 11. 

The measurements Avere cai'ried out as folloAi’^s : The QRS inteival 
Avas measured first, from the beginning of Q to the end of S. Then 
the S-T interA’al Avas measured, from the end of S to the end of T. 
These measurements Avere done on three different A'entricular com- 
plexes and the aAmrage of the three A’alues obtained Avas taken as tbe 
duration of QRS and S-T. The Q-T interAml, the duration of the elec- 
trical systole, AA'as obtained by the addition of the QRS and the S-l 
intervals. For all measurements in this series, the Cambridge Recor 
Measuring Machine aa’bs used, a comparator designed after plans o 
Captain B. H. Elliott, R.A. 

The Q-T interval Avas then compared Avith the normal establislicf^ 
by Pridericia. The difference between the Q-T interval of each ease 
and that normal aa'os calculated for each case and expicssed in pe 
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cent. Whenever possible, three elcclroenrdio-nnns Avere taken, one 
before digitalization, another immediately after digitalv/.aUon, anc a 
third after digitalis had been discontinued for some 1 ime. 
patients received 2.8 gm. of pon-dered digitali.s in one n-eek. hig. 1 
shows the elcctroeardiograms (Lead II only) of a typical case be! ore 
and after digitalization and illustrates the method of measuring the 
Q-T interval. 

The effect of digitalis in the form of the electrocardiogram has been 
Avell knoAvn since the studies by Cohn, Fraser, and Jamieson,^ in 191o, 
These authors described the characteri.stic change.s of tlie l-naAC, 
gradual depression and eventual inversion, wliieli they saw appear 
from thirty-six to forty-eight hours after digitalis medication was be- 
gun, and which persisted from five to twenty-two days. I’lil tliey did 
not concern themselves with the effect of the drug on the duralion ot 
the A'cntricnlar complex. That effect of digitalis on the Q-T interval 
is presented in Table I. This shows that shortening of the Q-T in- 
teiwal was demonstrable in all of 21 eases. The degree ot shortening 
varied from 2 per cent to 41 per cent. In no ease was a prolongation 
of the Q-T interval produced. The more prolonged the Q-T interval 
had been before digitalization, the more marked Avas tlie shortening. 
In Case 16, in Avliich a 11 per cent decrease was observed, the Q-T 
interval bad been 23 per cent aboA'c norma] before digitalization. 
However, patients Avith au electrical systole of normal duration also 
shou'ed definite shortening after digitalis. 

It is important to note that the .shortening always took place in the 
S-T portion of the ventricular complex. 'Phe duration of the QH8 
inteiwal Avas not afl'ected by digitali.s in the same Avay as the S-T in- 
tei'Aml. AIloAviug for the efl'eet of changes in j'ate, it Avas found that 
only in 10 out of 21 cases Avns the QKS interval shortened hy digitalis; 
in 6 cases it Avas longthcucd, and in 5 cases it remained nnehanged. 

Shortening of the Q-T interval Avas more marked Avhen the jvite pre- 
A'ious to digitalization Avas comparatiA’cly .sIoav. lu that group, the. 
greatest degree of original i)rolongation Avas fomul. Tlie degree of 
shortening Avas not proportionate to the clinical digitalis etleet. The 
gieatest shortening of the Q-T interA'al Avas not accompanied hy the 
greatest drop in lieart rate, nor by the most marked x'clief of .symp- 
toms of cardiac failure. Also, the shortening was not proportionate 
to the amount of digitalis taken. 

Because the effect of digitalis on tlie dliriitioii of tlie electrical sys- 
tole ,s so eonstaut, it is suggested that the plienomeiiou may he utilised 
01 a clinical purpose, and that measurement of the Q-T interval may 
serve as a new method for estimating digitalis effect. 

We have been accustomed to use other methods for the estimation 
of d.g.tahs effect, We observe changes i„ rate and rMImuTte™’ 




1 


1 


ui:nMNKR : nuR-vr: 


'lOK 01' llOKCTUlCAli SYSTOOK OK IlKAUT 








































BERLINER : DURATION OP ELECTRICAL SYSTOLE OP HEART 


OJ o 

S'S 
^ s s 
gcH 

&D O 

C3 <y rO 03 


P< 

<y O 

" g "S 
M s 

^0 o 

.2 w w 


^ ^ rt 

§ 'S 

5P o >;* 

C3 ^ ^ 03 


« , 
g S g 

.2 i s ‘-S g 
§ ^RS)| 
g-s 

13 PJ ^ O 'H 
TO ® .2 
O t- 

•r 2 ^ PS £3 
P 15 ^ .2 o 
■tj « M ,5 


W t> 
r-f 


O rH 
Ift M 
CO CO 


^ CO 
CO CO 


^ 00 
tM ^ 
CO w 

O o 


.2 i 

g .- , o O « 

s S ■'3 
”1 " 3 

'■*3 Sr .„ 2 r; 

o g £?.2 i „ 

" .S S g So g 

o — o S R • 

■13 ^ A; m <u 
•g R o ^ R «J 
g « o m 0) W) p 


i a.9-| 

J m 2 , 

: S "S o 

’ -43 S "R 

-R g “ h 

r* ^ ^ 

3 .-o^ ” 

;.2 f-.g tao;U 
^ oj o r1 

' 2 « *S 5 

> 3 .2 50 § J=^ 

5 03 :q 3 'H p; 


o *2 
S S CO I 


o 

. 

<M O 

.s> 

J” 

•rt O 
•F- 03 ^ 

sS 

■g-5\ 

_R C t' 


" 2.g 
•■f= g § 


^ O 

U O 

o ^ S ^ 

rt p o -*-» 




lo lO o 

fe ^ CO 

o O o 

o o o 


W CO 
\ \ 
^ t'- t"* to 

O C\J to 

^ M 00 CO 

fH 


I 4. f^.i, <U rqj 
533 m 2 s 

R’A 5 ^ r 

O i>£l £ 

2 35 -M 2 M 
5) to g M 

<-i E-l "S m 
"p-Tw 

•H ..-S'-? 

■5 o '2 6o . 
R o ® 3 R 

g s t: ® 

2 “ R O J 

*3 <u 5 o pi r 
•g -5 .5 --JS -Rj t 
si 


A .5 JS 
5 ® 'R 

Isi 

s 

23 ^ R 
R fA s . 
o Em 

-SK 

R g5 
R a rt '5 
• f* R - R 
) M g o ” 
< -43 M 


!I R^ 

O Cj . 

> .s 

.5gH„^ 
“1 (a 2 3 

S . g § 

g oT O -M 
'T i# s « 

• C3 ^ O, 

^ P0 rt ^ 
I- CO 

_2 w -S cs 

S «« 05 


B Pi" 
o o O ~ 

S? ^ CO 

\ ^ \ 

p ^ 5$ o ci lo 
r-f O ca -;H 

*>F \.CO \C5 'v. 

^03 00 05 00 CO 

r-f r-i 

>4 si ^4 


§0§,| 

;§SS 

1 


® > ‘r 

ons 
_ 73 ® o a 

.2 TO ^ 

o 

P-< Ctf C5 • 

^ c* « -s 2 

•- H 13 ^ 


i-t t-f 

o "W o 


’s-S § "S 

« 53 M 

> ftt3 53 
“ ? H 
» H r-S O 
A 53 rt 3 . 

f rs croQ 
! pi' 2 P pi 

^‘SO' 

R r3 P3 t)j, 

« Q> _ R 

i^llii 


2 2S t* ci 

o to o 

'M S 






Table I — Cont’d 


196 


THE AAIERICAN HEART JOURNAL 



197 


BERLINEU : 


duration oe euectricae systole 


OP HEART 


Mods in the lorm of the T-wnvc, and changes in eonflnetion time, Ihe 
results of the first two of llie.se methods were eoraimvcd with hose 
of the ncM' method wliieh T propose. Such comparison 
following results: Slowing of the rate was in evidence ni only 13 out 
of 21 cases (62 per cent). Changes in the form of the T-wave were 
found in 17 out of 21 eases (81 per cent). Siiorlening of the Q-1 in- 
terval, on the other hand, was present in all of 21 cases (100 per ecni). 
It thus seemed proved that shortening of the Q-l’ interval is the. most 


reliable criterion of digitalis elVect. 

Slowing of the rate is an important clinical sign of digitalis enect. 
But it is not a reliable indicator. The rate is always subject to many 
accidental influences, such as temperature, emotions ct al. That ac- 
counts for the fact that in our .series only 1‘1 out of 21 cases showed 
slowing, Avhereas 8 showed acceleration. The changes in the form ot 
the T-wavc are better indicators of digitalis effect. They appear 
early, two or throe hours after the administi’ation of a single dose of 
the tincture ccpial to one minim jier pound of tlie jiatient’s wciglit 


(Pai'dee). They aiipear before alterations in rhythm or conduction 
time are evident; and they are less subject to accidental influences. 
In our series, 17 out of 21 cases shoAved T-wavo changes. Here the 
question ai'ises Avhy in 1 out of 21 cases no such T-wave changes could 
be detected. The answer may bo that T-wave cluinges might be so 
minute as to escape observation. At any rate, the results of this 
method depend very much upon individual interpret at ion and can 
never be expressed by actual figures. 


In the same 4 cases in which no changes in the form of the T-waves 
Avere in eAddence, digitalis produced definite shortening of the elec- 
trical sy.sto]e A'arying from 7 to 36 per cent. Consequently, shortening 
of the Q-T interval (ahvays related to the respective heart rates) 
proved a better indicator of digitalis efl’ect on the heart than the other 
methods. The neAv method appears reliable as long as the measure- 
ments obtained are taken not at their absolute values, but in their re- 
lation to the normal values established for the respective heart rates. 

The first case of the series Avill ilhrstrate this point. Here, the dura- 
tion of systole Avas 0.406 see. before digitalization, 22 per cent above 
normal. The heart rate Avas then 90 beats per minute. Digitalis 
shortened the duration of S 3 ^stole to 0.374 second, only 6 per cent above 
normal, Avhile the heart rate came doAvn to 76. There Ave can say that 
digitalis shortened the sj^stole by 16 per ceiAt. But it Avould be incor- 
rect simply to subtract 374 from 406 and state that digitalis shortened 
tlie systole by 0.032 second. The results of the new method cannot 
be expressed in seconds, but only in percentage of the normal values. 

1 , one definite advantage of the method remains — the digitalis of 
tect can be expressed by a single figure. 
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A studj'" of the digitalis effect ou the Q-T interval necessarily leads 
up to the larger problem: what significance have spontaneous changes 
m the duration of the electrical systole? What importance, in partiL- 
lar, has a prolongation of the Q-T interval? Fridericia® reported that 
abnormal prolongation of systole could be produced in healtlij’- animal 
hearts by overburdening them suddenly, and' that in man, an abnormal 
increase in the duration of sj^^stole was indicative of myocardial weak- 
ness. He mentions one case of mitral stenosis in which such prolonga- 
tion "svas the forei’unner of auricular fibrillation at a time when there 
were no other signs indicating poor prognosis. Another author, Miki,^" 
found that after a series of extras 3 ’'stoles the first normal contraction 
ma 3 ^ be veiy short ; and he concluded that damage to the heart muscle 
Avas indicated bj^' shortening of systole rather than bj’’ lengthening it. 
When Miki discusses clinical cases, he does not state expresslj’’ that 
digitalis had not been administered. The same is true of most other 
workers. The author’s investigation bears out the fact that shorten- 
ing of the electrical sj^stole must not be attributed to myocardial 
damage as long as digitalis effect is not ruled out. This consideration 
is of great imijortanee, because in a group of patients Avitli cardiac 
failure usuallj^ A^eiy feAV can be found AAdio have not received digitalis. 

Pardee^'^ considers it “possible that the relation between heart rate 
and the duration of the ventricular complex maj’- express the degree 
of cardiac dilatation at the Amrious rates.” White and MinkP^ studied 
the problem in 50 normal and 163 abnormal persons and came to the 
conclusion that “the measurement of the duration of the Q-T interval 
of the electrocardiogram is apparentlj'- of little or no clinical Amlue. 
One factor Avhich these authors found exerting definite influence on 
the duration of the Q-T inteiwal AAms the content of calcium in the 
blood serum. Onlj'' 5 such cases Avere studied by them. Tavo cases of 
tetanj’’ AAdaieh shoAved marked diminution of the serum calcium both 
shoAved prolongation of the Q-T interval bejmnd the normal, Avith a 
return to normal as the blood calcium rose. This relationship had 


already' been reported by Carter and Andrus.^’^ 

In mj^ OAvn inAmstigation, I ha Am thougdit it adAusable to differentiate 
betAveen tAvo types of j)rolongation of the electrical systole: those AAith 
a QRS interAml prolonged aboAm the normal limit of 0.09 second, anc 
those Avith a QRS inteiwal of normal duration ,• viz., beloAV 0.09 second. 
In the first group, prolongation of the electrical sjmtole is due to a )- 
normal conduction. Outstanding examples of this group are cases o 
bundle-branch block and most extrasystoles, especially of the ventncu- 
lar variety. Here prolongation of the electrical systole is hroug i 
about chiefly by the Avidening of the QRS complexes. I was coneernec , 
hoAvevcr. only Avith the second group Avhore the QRS interval is o 
normal duration. In those eases prolongation of the electrical sys o e 
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is brought about by leiigtliening of the S-T 

spreading of the contraction, bitt the contraction itself that pio 

collected 51 such cases of normal rhythm with prolongation 
of the electrical systole. Only patients with a Q-T inteiwal piolongecl 
10 per cent or more above Friderieia’s normal were included in this 
group so as to rule out the influence of possible errors of measuremen . 


Table II 


54 Cases With Prolongation of the Q-T Interval 
(10 Per Cent or Move Above Noruv.il.) 


Arterial hypertension 
Eheuniatic valvular heart disease 
Thyroid diseases* 

Subacute bacterial endocarditis 
Coronary arteriosclerosis 
Luetic aortic insufficiency 
Cerebral arteriosclerosis 
Cardiac neurosis 
Pneumonia, lobar 
Chronic pneumonitis 
Pernicious anemia 
Total 


24 

44.4% 

14 

25..0% 

4 

7.4% 

3 

0.6% 

2 

3.7% 

2 

3.7% 

I 

1.9% 

1 

1.9% 

1 

1.9% 

1 

1.9%, 

1 

1.9%, 

54 

100% 


*Tivo case.s of substernal goiter with tracheal compression, two cases of Graves' 
disease. 


All patients who had received either digitalis, which shortens systole, 
or qninidiue, which prolongs it, were cai’cfully excluded. Table II sum- 
marizes the diagnoses in this group. Forty-six of the 54 patients had 
definite evidence of heart disease; 24 ont of the 54 had hypertension 
(44.4 per cent). The preponderance of arterial hyiiertension in this 
group is impressive. Fenu,^- in 1922, had already found that clinical 
conditions accompanied by high blood pressure are often associated 
with pi’olongation of the Q-T interval. I observed that the higher de- 
grees of prolongation occurred most frequently in hypertensive dis- 
ease, and were not nsnallj'- pi'esent in grave or fatal cases. Equally 
high values were obtained in rheumatic heai't disease, although less 
frequently. 

Table III 


20 Cases With Extreme Prolongation op the Q-T Interval 
(20 Per Gent to 34 Per Cent Above Normal.) 


Arterial hypertension 
Pheumatic valvular heart disease 
Subacute bacterial endocarditis 
Luetic aortic insufficiency 
Graves' disease 

Chronic pneumonitis, right lung 
Total ^ 


12 

4 

1 

1 

1 

1 

20 


60% 

20 % 

5% 

5% 

5% 

5% 

100 % 


effect of dteitaHs v 

pwator. The results by the two metLds gSpA ^ ""'ffh the co 

.ideveu necessary to use the comparator forfhfs and thl'^Mlowing terffis"'^ 
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From this groiiii of 54 patients, there were then selected 20 patients 
with extreme prolongation of the electrical systole. Only those with 
a Q-T interval of 20 per cent or more above normal were inclndecl in 
this special group, which is summarized in Table III. Here 12 patients 
(60 per cent) had arterial hypeidension as compared to 46 per cent in 
the larger group. All patients, except two, had very large hearts as 
demonstrated either by x-ray or by autopsy. Veyv often extreme 
dilatation was noted. It is certain, however, that prolongation of the 
electrical systole is a complex phenomenon and does not expre.ss 
cardiac dilatation alone. Two cases of marked dilatation were found 
with shortening of the electrical sj'stole. Digitalis, which u.snall.v 
reduces the size of the heart but little, could not shorten the Q-T inter- 
val up to 41 per cent, if prolongation eximessed dilatation only, Hiki 
produced prolongation of the electrical sj^^stole experimentally in dogs 
53’’ compressing the aorta. This experiment allows the same conclusion 
as does the prevalence of arterial hj^pertension in m}’^ group of clinical 
cases with prolonged Q-T interval ,- namel 3 '^, that increased resistance 
to the S 3 ’'stolic contraction of the heart is a principal factor in pro- 
ducing prolongation of the electrical S3’'stole. 

Prolongation was found to be more frecpiently associated with 
bradycardia than ^Yith tachycardia. It would seem t])at with a heart 
rate of 60, a prolongation of 10 per cent ma 3 ’' be of less significance 
than the same finding at a rate of 120. The highest degree of pro- 
longation that I obsei'ved was 34 per cent (3 cases). It \yas noticed 
that the greatest prolongation ivas invariably found in those patients 
who shoAved no signs of cardiac failure. This observation, udiich 
agrees Avith earlier findings reported hy Feil and Katz,^^’ does not 
corroborate Pridericia’s statement that prolongation of the electricid 
S 3 ’stole indicated m 3 mcardial Aveakness and iioor prognosis. Rather it 
points toAvard the opposite conclusion. 


Table IV 

Q-T Intekval in 14 Patal Cases op Aortic Insofpicienca' 


— — 

CASE NO. 

1 DURATION OF R-T INTERA'AL 

20339 

■ 30% prolongation 


20612 

20% prolongation 

.marked prolongation : 4 cases 

19406 

28% prolongation 


15254 

23% prolongation 


20119 

7% prolongation 


1S097 

4% prolongation 

1 

20476 

normal duration 


16004 

normal duration 

S.normal duration: 8 cases 

18770 

normal duration 

1 

18097 

normal duration 


16913 

‘ normal duration 


18144 

3% shortening 


1S126 

12% shortening ^ 

marked shortening; 2 cases 

10024 , 

15% shortening { 



14 c.'isps 


Total 


201 
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In seeking Jnrther lor a possible prognostic significance ot pro- 
longatioii ol the Q-T intevvnl ] collected a third group oi cases ( lab t 
IV) made up ol 14 patients with aortic insnffleicne.v, niosfly conibined 
with other valvular lesions, who died during their hospital residence 
in 1930. Aortic iiisiifificieiic.y was selected because of its eoininon as- 
sociation with extreme enlargement of tlie heart. Autopsies were 
performed on all 14 patients. Digitalized patients were carefully ex- 
cluded. Only 4 of the 14 patients (29 per cent) showed marked j)ro- 
longation of ' the electrical systole; 2 (14 per cent) showed uiarlced 
shortening, and 8 (57 per cent) a normal duration of the Q-'P interval. 
No definite prognostic significance can, tlierelore, he attached to either 
prolongation or shortening in this group. 


suJUvfARy 


Twenty-one patients with definite cardiac disease, hnt with regular 
rhythm were selected and the efi'cet of digitalis on the duration of the 
Q-T interval, the electrical systole of the heart, was studied. It was 
found that digitalis shortened the electrical systole u]) to 41 per cent 
in all of 21 cases. The shortening always took place in the S-T inter- 
val, while the QRS interval was neither definitely j'lrolongcd nor 
shortened. It is suggested that measurement of the Q-T interval may 
serve as a new method for estimating digitalis effect on the heart. Thi.s 
method was found more reliable than tlie older ones. Dcsides, it has 
the special advantage that it allows the digitalis effect to he expressed 
by a single figure. 

In an effort to determine the significance of spontaneous changes 
in the duration of the electrical systole, especially of prolongation, *54 
patients with noiTual rliythm and a Q-T interval prolonged 30 per 
cent or more above normal wci’e collected. Twenty-four (44.4 per 
cent) of these 54 patients had arterial hypertension. In. a. narrower 
group of 20 patients with a Q-T interval prolonged 20 per cent or 
moi-e above normal, a still higher propoi-tion, 12 (60 per cent) had 
arterial hypertension. Prolongation of the electrical systole is usually 
associated with cardiac enlargement. Tliat it docs not indicate poor 
prognosis was borne out by the results in a tliii-d series, consisting of 
14 fatal cases of aortic insufficiency. Only 4 (29 per cent) of these 
14 cases showed marked prolongation of tlie Q-T interval. 


I wisli to express my appreciation to Dr. Jlar 
E. Eoth for tlieir helpful suggestions. 


cus A. Eothschiht and Dr. Irving 
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ran ACOUBACY OP EINTIIOVKN’S EQUATION'* 

PkANK N. WM.SON-, JI.1).. A. CiAllllAllIl JIAC'I.HOII. 11.1). 
and Pai;i. S. V.akkkk, M.D. 

Ann Ani’.ou, Micu. 

TN Ills oarliost artiolos on tlio ol<‘(;trooar(rn>frrain. hinllu)\ui 
1 pointed ont tind tlie tlwee standard loads ad(»ptod by him are re- 
lated in swell a way that any one of them may he ealenlatod when the 
other two arc known. 11c expre.ssed this relation in the cMimtion: 

Lead II - Lend 1 Lead 111 


which states that the defloetion in Load 11 i.s equal to llie .snin of the 
denectiona in the other two leads. 

Tliis equation has freipiently led to misunderstanding. Only re- 
cently an article has been puhlished'‘ in which the statement is made 
tliat it can only he e.vaet when the Iriaimle formed hy the ilirei' leads 
is strictly equilateral. Aetnally. the equation is based upon the sim- 
ple principle that a direct nicasureinent of the potential dittereiiei* 
between two points will ^ive the same, result as an indireei measure- 
ineiit in wliich the potential of each point is eonqiared witli that ol a 
third point. If tiie potential of the riirht arm is rejwesenled hy r/>; 
the potential of the left arm. hy I'r,' and the ]m1ential of tin? left le}r. 
by 1>.' then, Lead T must be represented by V/. - V/.-: Lead 11. by 
IL' - I'”/;.; and Lead 111, by Vy - V*;,. It is obvious that 


(V,. - Vu) - fV,, - V;,l == (Vr - V/J (1) 


and consequently tliat Einthoven’.s equation must liohl eiinally well 
for any kind of a triangle wlmtsoever. 

Einthoven, Ealir, and de 'Waart' pointed ont that this eiiuation does, 
hoivover, involve the assnnqition that the current which flows flironjrh 
tlie galvanometer has no intinence ujion the potentials of the extremi- 
ties connected to its terminals. They slate tliat the ('flVct menlioneil 
must he too small to iutvoducc a material error lieeaiise the resistance 
of the galvanometer and the body i.s very large in comparison witii 
the resistance of the lienrt muscle. 

In a subsequent article by Einthoven, Bergaiisins, and llijteK' how- 
ever, It is .shoivn that the accuracy of the formula does not depend 
upon the resistance of tlic galvanometer nor upon the assumption 
mentioned. It is demonstrated that, contrary to an opinion still very 
widely held, the method of standardising the el eetroeardio grain is such 

•Fvom tho Depavtmont of Intcrnul Medicine, Unlvc-Bily of Miel.Ip'un Medical School. 
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that the potential cli£ferenees measured are those that would have 
existed had the galyanometer not been connected to the body. 

Inasmuch as the proof of this important principle given by 
Einthoven and his associates is so brief that it is rather hard to follow 
and has been generally overlooked, we repeat it here in a somewhat 
modified form. 

In Pig. 1 the electromotive force generated by the heart at any in- 
stant is represented by The right and left arms, or any two points 
of the bodj’- surface, are represented b.y B and L, respectively. Be- 



L 


fore the attaclinient of the galvanometer terminals at these poinis tlie 
current flowing through the body circuit, which contains the le- 
sistauees i\ and r„, is defined by tlie equation 

V 

^ ( 2 ) 


h 


and the potential difference between B and L by the expression 

Epv _ 

(3) 


Pl - Pr == 




"When the galvanometer circuit containing the resistance 7 .,. but no 
electromotive force, is added by connecting the galvanometer ternu- 
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nals at B and L, the cm-reot I, flowing throngh the main circuit ■. that 
is, tlu’OTigli the resistance i\, will be represented y 


+ 




2' s 


r„ + r. 


and the current I, throngh the galvanometer, G, by 






'>'0 .+ '*’a 


r, + 


r„ + r. 


( 5 ) 


The potential difference between R and L will obviously decrease 
somewhat when the galvanometer is attached. 

If, at some point in diastole when the electromotive .foree E-^^, gen- 
erated bj’^ the heart is no longer acting, an electromotive force, Eo is 
introduced into the galvanometer circuit, the current I4 flowing 
through the galvanometer will be defined by the equation 


^4 



»*3 + 


1 \ + 


( 6 ) 


If the value of E„ is so adjusted that the deflection of the galvanome- 
ter in response to this electromotive force is equal to the deflection 
previously produced by the electromotive force generated by the 
lieart ; that is to say, so that equals I3, then 


or 


E. 


»% + 


}\r.. 


r, -1- r. 






r. + 


i'nr, 


J’o + }’o 


Ez = 


E,r, 


1 % + i\ 


- El - 


( 7 ) 

(8) 


Consequently, E„ is equal to the potential difference between R and 
L that would have been produced by E^, if the galvanometer had not 
been connected to the body circuit. In this demonstration it is as- 
sumed that the method employed to introduce the standardizing elec- 
tromotive force E. does not alter the resistance of the galvanometer 
ciremt. The accuracy of Einthoven’s equation depends upon this re- 
quirement hut upon no other condition. It is of course essential that 
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the electrodes used shall not polarize appreciably and that the skin be 
propei’ly prepared so that it shall not introdnce a leaky condenser 
into the circuit. 


SUMMARY 

The accuracy of Einthoven’s equation does not depend npon the 
resistance of the string galvanometer. In a properly standardized elec- 
trocardiogram the deflection at any instant is an accurate measure of 
the potential difference that would have existed between the body 
points to Avhich the galvanometer terminals were attached had the 
galvanometer not been connected with the body. 
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THE POTENTIAL VABIATIONS PROOUCBE BV THE 

BEAT AT THE APICES OP EINTHOVEN’S TlHANGbE ‘ 

Prank N. Wilson, M.D., A. Gauraro Haclicop, IsUX, and 
Paul S. Barker, jM.H. 

Ann Arbor, 

npHE elcetroearcliogTam is a rceortl of llie lime course of the dif 
1 fercnec in potential produced by the heart, beat, betAveen the two 
points or regions of the iiody upon which the galvanometer electrodes 
rest. It may therefore be regarded as a combination of two curves, 
each of which represents the potential variations during tlic cardiac 
cycle beneath a single electrode. In the ease of the records obtained 
from isolated strips of cardiac or skeletal muscle suspended in moist 
air, it is possible to determine the form of these const it uent, or unipohn 
curves, at least approximately, by killing tlic tissue beneath one elec- 
trode. Experiments of this kind have, however, no direct bearing niion 
the analysis of the clinical electrocardiogram. When the irritable tis- 
sue is surrounded by a large body of conducting medium, or when in- 
direct leads are employed, it is not possible to iirevent variations in the 
potential of one electrode by killing the tissue with which it is- in 
contact. 


For certain purposes it is desirable to know the form of the con- 
stituent curves of which the electrocardiogram is a combination, and 
we wish to describe a method of determining the ]iotential variations 
produced by the lieart beat at any point of the body. This method 
is based upon the principles set forth in a recent article from this 
laboratory.^ It was there shorvn that Einthoven’s equilateral triangle 
IS based upon the laws which govern the distribution of electric cui'- 
rents in volume conductors. It will be recalled tliat Einlhovcu as- 
sumed that the resultant electromotive force produced by the heart at 
any instant may be represented by a “bipole”; that is to say, a posi- 
tive and negative pole of equal strength very close together; located at 
the center of the triangle. The axis of this bipolc, or doublet, Avas 
represented by an arrow' pointing from the negative towmrd the ]msi1,ivo 
pole; this axis is usually spoken of as the electrical axis of the lieart 
It was also shown, in the article referred to, that the' potential P of 
any apex of the triangle is proportional to the cosine of the anolo 6> 
i^by the electrical axis with the line draivn from the center of 

‘Pro™ me Department of Internal Medicine. University of Michigan Medical School 
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the triangle to the apex in question. Referring to Pig. 1 we may 
define the potentials of the three apices of the triangle as follows; 

pR = A cos (la) 

Pr, = A cos 6n (lb) 

Vf = A cos 6^ (le) 

In these equations A is merely a proportionality factor. We need not 
discuss here the factors upon which its value depends since all of 
these remain constant under the circumstances with which we are con- 
cerned. 

Einthoven represented the deflections in the three standard leads by 
G^, 62, and Cg, respectively, and expressed tliem in terms of the angle 
a (Fig. 1) and E, the manifest potential difference. If we equate the 



values of c^, c,, and Cg, given by him to those derived from the ccpia- 
tions given above we have 

^ - Yjj = E cos a = A (cos 0. - cos OJ (2a) 

= Pr - Pr = E cos (ct - 60°) = A (cos 6, - cos 0,) (2b) 

e' = Vp - Vp ^ E cos (120 - a) A (cos - cos BJ (2e) 

The angles B„ B„. and 6^ may, however, be expressed in terms of «; 

^ 210 - - a; 02 = « + «^^ 1 >stitiiting 

these values in the first of the equations (2a) just given, we obtain 
e, = E cos a A [cos ( 30 ° ^ jO - <^os ( 210 ° - <x)] 

= A ( V 2 cos a) 

Consequently, 

E = VT A 

TV = -^=cos (90° - «; == sin «. 


(A) 




V5 
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\Vc now have an expression for the potential of the left le,, ' 

I e ZL. We may obtain a more eonvenient express, on m the fol 

lowing waj": 

= E [cos (a - 60°) + cos {J20° «;] 


Co ^^3 


Consequently, 


E rV3 sin. n). 


=' 


C„ + C-, 


E 


V5 


sin tt. 


In the same way it may be shown that 

Cx + O-i 


Vn 




5 

— Ca 


( 5 ) 

(6a) 

(6b) 

(6el 


These expressions give tlie jiotentials oi tlic thice exUunilks,^ oi 
three apices of Einthoven’s triangle, in terms of the dellections in 
three leads. They therefore enable ns to determine the potential at 
any point of the body at any instant with reference to the potential ot 
this point at a time when the heart is producing no electric cuiicnt.s, 
a potential which we maj' for oiir purposes regard as xcro. In othei 
woi’ds, we can determine the potential variations produced by the 
heart beat at any body point. To do so we need merely to place the 
right-hand electrode of the galvanometer at. t,his point and the left- 
hand electrode U]mn one of the extremities. The resulting record 
will give the difference in potential between the point under investiga- 
tion and the extremity employed. The potential of the former is then 
computed by subtracting from the recorded curve the potential varia- 
tions of the latter determined by fonnula from the approjiriatc stand- 
ard leads. In order to carry out this procedure pro])erly, two gal- 
vanometers arc required. First of all, the three standard leads arc 
recorded, taking two leads simultaneously so that synchronous points 
may be identified. The right-liand electrode of one galvanometer is 
then placed in contact with the point under investigation and the 
left-hand electrode upon the left leg'. A record is then made, the 
second galvanometer’ being employed to inscribe Lead I simultaneously. 

We may represent the potential of the point chosen by Yp and the 
deflection at any instant in tlie lead from this ])oint to the left Ic" 


by Cp We then have 

Vp - Vp == e. 
- Fr = e,. - 


Co + Co 


(7) 

( 8 ) 


^ In order to avoid confusion some explanation of the plus and minus 

3eiffiomr+ Pi’^eeding equations is necessary. It has become 
conventional to take electrocardiograms in such a way that relative. 
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negativity of the electrode attached to the right liaiid in Leads I and II 
produces , an upward deflection in the completed record. Since an 
upward deflection is considered positive in nieasui'ing the cleteroeardio- 
gram, it .is necessary to represent Lead I by - Vn = in order to 
indicate that becomes more positive as the right arm becomes more 
negative or the left arm more positive. In other words, the derivative of 
e^, with respect to Vn must be negative and its derivative with respect 
to positive. The signs in the corresponding formulas for tlic otlicr 
standard leads are determined in tlie same way. It has also become 
conventional in leading from points on or near the heart to points at 
a distance to use the right-hand electrode as the exploring electrode, 
so that an upward deflection indicates relative negativity of the point 
under investigation. For this reason negative values of Yp in erpni- 
tion (S) are plotted above the base line and positive values bcloiv. 
In plotting Yp, the potential of the left leg, which is ordinarily at- 
tached to. the left-hand electrode in taking both standard and special 
leads, positive values are plotted above the base line and negative 
values below, because variations in the potential of tlie left-Iiand elec- 
trode have an effect upon the electrocardiogram opposite in sign to 
that jorocluced by variations in the potential of the right-hand electrode. 
In the article from this laboratory to which we have already referred 
it was pointed out that when one electrode is placed very close to the 
heart or upon its surface, the position of the second electrode, so long 
as it is distant from the heart, is of very little importance. The reason 
lies in the character of the laws which govern the distribution of electric 
currents in volume conductors. The magnitude of the effect exerted by 
the position of the distant electrode may now be accurately determined. 
Suppose that tlie right-hand electrode is placed upon the exposed ven- 
tricular surface and tlie left-hand electrode upon the left leg. In such 
direct leads the galvanometer may be employed at one-twentieth of As 
normal sensitivity. In order to free a curve obtained in this way from 
the influence exerted by potential variations at the leg electrode, it i.s 


only necessary to subtract from each ordinate 


millimeters, wlicrc 

60 


Cn and Cg reju'esent the deflections in Leads II and III, rcspcctivclj , at 
the corresponding instant in the cardiac cycle. It is obvious that cm \ cs 
of this kind are, for all practical purposes, records of the potential 


variations of tlie ex]iloring electrode alone. 

In precordial leads, in which tlie exploring electrode is placed upon 
the prccordinm and the indifferent- electrode upon the left leg, the 
galvanometer is ordinarily employed in this laboratory at one-half its 
normal sensitivity. To free curves obtained in this way from the iu- 
fluence exerted by potential variations at the distant electrode it Is 


nccossarv, therefore, to subtract from each oidinatc 


Cj -r C3 
6 


inil)imcter.s. 


WII.POX. KT Ali. : 


niKTiiovK.v ’s 'juiAXoni; 
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The polontial variations of the log oloct rode have a imicii {ircalor in- 
flucnoc n]>on tho form of tlu;si* r\irvr.s than upon those (tbtaiinai !>' 
dirort loads of the kind monlionrd. It is Imped that a motlmd oi I'sti- 
mafinfr the magnitude of this intiuenee atid of eliminating it wlifu 
desirable will be of serviee in tlnnr interpretation. 

SUMM.VUY 

A molhod is deseribed by means of \vbieh it is possible to iietermiiie 
the potential variations produee*! by the heart beat at any one or all 
of the apices of hlinthoven's ecjuilateral triangle*. 

It is ennsecpiently possible to detennine the ])otenlial variali»»iis i)r(o 
dueed by the heart beat at any point of the body by leading from this 
point to the left leg, or the left or right arm, and subtracting the r-ffi-et 
produced by the \>otential variations <»f this extremity fr/>m ibe reeonted 
enrve. 

It is jmssible liy tliis method to free enrees obt.'iined by leadiiig^ front 
points on or near the heart to poittls at a distance from if. siieii as 
])oints on the left log, from tlie itdbtenee e.xerted by potential variations 
!it the distant electrode, 

itt:i-Kiu;x('i: 

Wilson, r. X.: Am. tlr.MiT .T. r,: .'.ini, 



A REPORT OP TWO CASES OP LOCALIZED PLEURAL 
EFFUSION IN HEART FAILURE'" 

J. Murray Steele, M.D. 

New York, N. Y. 


INTRODUCTION 

' j ’HE first report of localized pleural effusion during the course of 
heart failure appeared two years ago. This patient, reported by 
Stewart,^ developed iuterlobar xileural fluid during each of four at- 
tacks of heart failui’e. The effusion disappeared with each recovery 
and its site was found at autopsy. Kiser- later reported a similar ease 
in Avhich the lesion was, however, not verified by autojisy. The pres- 
ent rejDort deals with two additional cases, in one of which the exist- 
ence of the process is confirmed by necropsy. 

Search of tlie literature failed to bring to light any evidence that 
such a phenomenon had been noted before Stewart’s report. Yon 
Jiirgensen® has made the statement that obliteration of tlie pleural 
cavity on one side altered the usual course of bilateral effusion in so 
far as it limited it to the other side. Upensky,'* in a report of Ri cas es 
of localized tuberculous uleural eff usion, included one, Case No. la, 
which from the x-ray photographs alone might have been regarded as 
due to effusion resulting from heart disease. In the first x-ray photo- 
graph the image of a large heart was seen and the shadow of an inter- 
lobar effusion. The second, taken after eight months, showed that the 
fluid had disaiipeared. The heart appeared much smallei', but since 
the history is insufficient and .since there is lack of data concerning 
the x-ray technic, it is impossible to judge whether or not the ef- 
fusion was due to cardiac failure. Preedmair’ in an article on the 
diagnosis by x-rays of encapsulated effusions aiJpends, to his formal 
list of causes of encapsulated fluid, all of wliich were infectious in 
nature, cardiac failure. He notes, however, that this condition is 
I’are. It seems desii’able therefore to report two additional cases 
exhibiting this phenomenon. 


KEI’ORT or CASES 


Cask l.t— F. K., Hospital No. 7464, .a white male carpenter aged about seventy 
rears, complfii«ed of swelling of the feet and shortness of brcatii. The famit.r 
iiistory was unimportant. He had always enjoyed general good health. Frequent 
attachs of tonsillitis early in life led to the removal of his tonsils. Seven jenrs 


'From the Hospital of the Rockefeller Institute for Medical Research, New lor!., 

" t\vo are indebted to Dr. Ci.aroncc- do l,-i ■chnpcllc for referring this ca.=c to u.s from 
le Third Now York Univcr.'lt.v Medical Dlvi.sion. Bellevue Hospital. Non roiK. 
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,ofovc .dnu.^on (juv 24, 10.0) he h«d 

“tlouWc piwunomu.’' An iiiguinal hciniH lim )ton pr ,. ,. 1 ' ,,(l ^,,,1 

In lAIav, Ifl.O, while still woiklnp rcRnlarly, he noticed shortness of >rei i . 

, ruo nnkles. Both inorensea rnpiaiy in severity nnlil he entered Bellev. e 


swelling of 


wee 


I'ks- rest, in 


inciMtetl elderly white man, senile, nnd deaf. His teinjiei- 

... f»4> rt 


the ankles. Both increased rnpidly 
Hospital where, without medication, edema disappeared during tno 
bed. On July 24, 10.0, he was transferred to this hospital 

The patient wa.s an enuu 

atnre was 100“ F. His body weight was 72.2 kilogram.s. He was 
dvspneic. There was slight cyanosis of the lips and linger nail beds. Ihe genei.i 
stigmata of arteriosclerosis were pres-ent. The j.cripheral ves.sels were 
nnd thickened and there was in both eyes a well-marked arcus senilis. 1 In s‘in 
was clear, quite loose, and dry. A sehaccons cyst of the sealji wa.s jiresent. 

The head was normal in contour. The henring was markedly diminished, Imt 
the ear drums, though thickened, were intact. Th(> ]mpils were small, round, equal, 
and regular; they reacted neither to light nor in aeeommodalirm. Xo r.bslnielmn 
of the nose was present. The soptnm was intact. Many teeth were carious, I In 
tongue was clean and was protruded readily in tin' midline. 'Ihe pharynx w.is 
negative. Tlic tonsiis were large hul not injected. The jugular veins were mod- 
erately distended. Xo eiiistenial jmlsation or tracheal lag could he fell. ihe 
lymph nodes were enlarged. 'I’he respiratory excur.sions wore somewh:it limited on 
botli sides. The lungs were clear on jterenssion. Tl-.e breath sounds Were vesicular 
but a moderate number of moist rales were jiresent at tlii! li.-ise.s ot both liitig.s 
posteriorly. The rate of breatliiug was .2. Over the pre.cordium no ptilsalions, no 
thrills nor shocks were felt. The area ol relative cardiac dullness was increasei), 
e.xtending ILo cm. to Hie loft of the midlinc in the fifth intercostal s))ace, and 
G cm. to tlic right in tlie fourth. Tlic heart sounds were faint but clear. No 
murmurs were beard. 

In an x-r.ay photograph taken on July 24, HUO, the lung fields wore relatively 
clear (Fig. 1-cl). Areas of mottled eloudhiess at the bases, more marked on the 
right side, were present. The root shadows were incrc.-i.scd in .sire. Fxtending out- 
ward and upward from the right liilus to the lateral chest rv.-ill at the level of the 
third rib was a semi-elliptical shadow with a well-dcrmed iiordcr, the straight margin 
of which faced upward. It suggested the presence of iluid encapsulated in the 
fissure between the upper .and middle lobes, 'i’he right costn|tbrenic .angle was 
obliterated and the diapliragmatic lino was jl:i(tened probably duo to a small .ac- 
cunmlation of llnid or to old adhesive pleurisy. The heart was mnrkediy en- 
larged, measuring 20 cm. in the transverse diameter — 12 to the left, ,'s In the 
right. Tlic width of the chest was 2!) cm. The aortic arch was prominent; a 
well-marked calcified plaque was visible. 

The rliythm of the heart was lolally irregular and the radial pulse was irreg- 
ular in both time and force. The rale, counted at the. ape.v wa.s 120, and at the 
radial artery 104 per minute, resulting in a pulse deficit of ]G bont.s’per minute. 
The eleetroeardiogram showed tiint nnriciilar fibrillation was present and that oc- 
casional ventricular premature contractions took place. The .s.vstolic, blood iiressnre 
measured app™.vimatcly 140 mm. Hg., and the diastolic, 101). The liver lus'en- 
• igecl, extending u cm. below the costal margin in the right midchivionlnr line It 
was firm but not tender. The kidneys and spleen were not M i -I . 

reducible right inguinal hernia was present. The external geniial'ia were Mhoroisc 
nomal. A sm.all amount of soft edema was pro.sont over the shins Thorn 
clubbing of the fingers and toes. The tendon roiloxes were aelte and 'if 

two sides. No patellar or ankle elonus could be evoked The 1 • u- 
ventral flexion on both sidc.s. 




Fig:. 1.— Case I. A. X-ra>' photogrrapli on 

fusion when first seen. B. Six days later — effusion . ^.,(.1 t,-iv dav.** after 

of heart failure. C. Sliowing disappearance of ^he Intcrlobai intcr- 

administratlon of digitan. D. Post-mortem x-ray picture shonlng: rcaccuim. 
lobar fluid. 

During the first four days in the hospital the condition of the 
gradually worse. The cardiac rate increased from 120 to llO per mini . 
pulse deficit from 10 to 30 per minute. The rectal temperature ^ ^ 

100.4° to 103.6° F. Although there was a lo.ss of 4 kilograms > 
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auring this period, the ori.ary output 

remained unchanged. Digitan, 1.0 gm. (re )j ‘ ‘ , 


remained unchanged. 

hc.,,s, Tive Mta.i,g day (My ^ i,rt„I„ba, rlaural cl- 


second x-ray plate of the chest u-as 


made CFig. 1-5) and showed that the - _ lower 

ril haf douhled in si.e. being now ovoid, the 

being convex. 3?orty-eiglit hours after the administration o ^ ‘ e^j^ture 

rate had fallen to 90, the pulse deficit was only 10 per minu c, a 

was normal. There was moderate diuresis and six days Jl" 

patient's body weight had decreased 8 kilograms more. At this time a tl 

plate (Fig. 1-C) was taken. The shadow had dis.appeared, leaiing J 

to mark the site. 

From this time until discharge on September 5, one month latei, the 
steadily improved, and the temperature remained normal. There was no eii enc 
of heart failure other than slight edema of the ankles which always disappearec 
by morning. X-ray photographs taken weekly showed that the shadow winch 
had been present in the right upper chest remained absent. 

Not quite four weeks after discharge the patient returned (Septembei 30) foi 
examination in a severe attack of heart failure. E.xtreine dyspnea, intense cj anosis, 
and anasarca of the lower half of the body were present. Death occurred before 
he could be examined. An x-ray plate of the chest taken post mortem demonstrated 
the return of the shadow hetween the upper and middle lobes of the right lung 
(Fig. 1-5). It was much larger than during the former attack of failure and was 
roughly proportional to the greater amount of edema. 

The changes in size of the area of the heart in this series of films are interesting. 
In Fig. 1-A it measures 234.5 sq. cm., the transverse diameter being 20.5 cm. In 
Pig. 1-5, taken twenty-four hours after completion of the administration of dig- 
italis, it measures 175.5 sq. cm., the transverse diameter being 20 cm. This repre- 
sents a decrease of 25 per cent from the original size. In Fig. 1-0 it measures 
17.5 cm. in the transverse diameter and 163 sq. cm. in area. It is noteworthy that 
the decrease in size had taken place almost entirely in the right side of the heart. 
The haziness of Fig. 1-5, taken post mortem, makes accurate measurement impos- 
sible. The conditions under which it was taken make it, furtheimore, incomparable 
with the other photographs. It is obvious, however, that the heart shadow is much 
greater than in Fig. 1-0. 

Summary of Post-mortem Excammation (Dr. C, P. Rhoads). The complete an- 
atomical and microscopical diagnosis post mortem is given and a detailed descrip- 
tion, pertinent to the subject of this report only, of the heart and lungs. 

The left thoracic cavity contained 475 c.c. of rather thick, straw-colored fluid 
which clotted on standing. The pleural surfaces were smooth and glistening, 
without adhesions. The right pleural cavity was completely obliterated, the vis- 
ceral and parietal pleurae being firmly adherent due to dense, fibrous adhesions. 
The right lung was removed together with the visceral and parietal pleurae. It 
failed to collapse. When a small incision was made about 4 cm. to the right of the 
midline, it entered, just under the surface, an opening between the upper and 
middle lobes, about 1 cm. in diameter, which led to a large oval cavity (Fig 2) 
containing about 250 c.c. of straw-colored fluid of medium consistency which 
clotted on standing. This cavity measured 12 cm. in the greatest diameter hori- 
zontaUy and 8 cm. in the greatest diameter vertically. The cavity was lined with 
thmk, somewhat traheculated, grayish, ragged, fibrous tissue. The surface of the 
entire lung could not be separated from the adherent pleurae. A mass of fine to 
medmm coarse, ragged, fibrous adhesions, gray to gray-white in color, coLTZ 
gs, hrongh which the lung parenchyma, blue-gray with black markings, could 
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^ seen. The left lung coUapsed partially. The surface .vas grav-blue, mottled 
^nth purple and showed normal blaeh tracings. The surface on cut section showed 
hi T fl red-purple color and exuded a moderate amount of tlnn 

bloody fluid. The bronchi contained a moderate amount of mucus, somewhat bloocl- 
tinged. The vessels showed no abnormalities. The surface of the pericardium was 
smooth and glistening and the cavity contained about 7o e.c. of rather thin, yellow- 
ish fluid which clotted on standing. The epicardium anteriorly presented V thick- 
ened, somewhat elevated, grayish-white patcli of fibrous tissue measuring roughly 
S cm. in diameter. The heart was dilated, extending 15 cm. to the left of the 
midlme and -1 cm. to the right. The color was pale reddish-brown. The con- 
sistency was soft. The myocardium was light brown. Five depressed, oval, gray 



Fig. 2. — Photograph of sectioneci lung (Case I). Tlie thickened parietal pleura is ucll 
sliown. Note norniai pleura at site of cavity. 

to gray- white areas of scar formation were present on the anterior surface of the 
left ventricle, from 0.5 to 1 cm. in diameter. They e.vtcnded a similar distance into 
the ventricular musculature. At the apex there were scattered grayisli arc.is^ of 
fibrosis of small size and indefinite outline. The myocardium of the right i cut ric c 
ranged from 0.2 to 0.3 cm., whereas that of the left ventricle ranged from 1 to 
1.5 'em. in thickness. The endocardium presented no abnormalities except a few 
yellowish flecks 2 to 3 mm. in diameter around the base of the mitral valve. The 
chordae tendinene and the papillary miiscle.s also presented no abnormalities. The 
tricuspid valve measured in circumference J2 cn?.; the pulmonary valve, 0 cim- 
the mitral v.nlve, 10.2 cm.: and the aortic valve, S.O cm. The coronary arteries 
presented a very marked degree of atheromatous change, as evidenced by a large 
number of discrete and coalosccnt, r.-tised, mlhcr smooth, soft to firm, irregular 
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■ftequency as the apex of the heait teas approached, althoiieh leiy !■« 

uvtimal surface was spared. Ulceration was rare. 

The aorta also presented a very marked degree of atlioromatous change winch 
was most marked at the arch, sparing the tissue near the aortic valve amos 
completely. The arch and the thoracic and abdominal portions of the aorta 
presented an enormous number of roughly circular or oval, raised, smooth, so 
to very firm, yellow to yellowish-white areas. Those in the arch were extremely 
hard and infle.xible, whereas the degree of calcification became less as one pro- 
ceeded caudally. At about the level of the twelfth thoracic vertebra the intima 
of the aorta was ulcerated, the base of the ulcer presenting a depressed ragged 
surface 0.5 cm. in diameter which communicated with the adventitia. Super- 
ficial ulcerations were present elsewhere, showing a granular, reddish, hard base, 
surrounded by raised, smooth, thickened aortic intima. 

On microscopical examination, the lungs presented no abnormality. In the heart 
there was extensive replacement of the myocardium by connective tissue. In the 
aorta there were subintimal collections of lipoid and eholcsterin crystals. There was 
intimal proliferation. At one point there was an ulcerated necrotic plaque, the 
intima of which was thickened and had ruptured. There was infiltration with 
lipoid material. The vasa vasorum presented marked inflammatory changes. Be- 
sides these changes, there were the usual cholesterin subintimal infiltrations and 
intimal thickenings. At other portions there were typical atheromatous plaques 
with calcification together with marked prcrivascular infiltration in the adventitia. 
The coronary arteries exhibited very marked infiltration with eholcsterin crystals 
and vacuolated cells. The vasa vasorum showed perivascular infiltration. The 
aortic and mitral valves presented no abnormalities. 

Examination of the fluid obtained from the oval pleural cavity was as follows; 
sp. gr. 1.010, albumin 0.9 gm. per liter, leucocytes, .^2 cells per c.c. On cultivation 
there was isol.ated a hay bacillus. This fluid was identical with that found free in 
the left pleural cavity. 

As in Stewart’s case, the whole right pleural cavity was obliterated, 
the pleura lining the sac of fluid being the only relatively normal 
pleura left. There were no areas of inflammation in the lungs; the 
neptive cultures, tlie low specific gravity, and albumin content of the 
fluid shoAved that it was a transudate. The fluid was undoubtedly tbe 
result of cardiac failure. 

Case 2. E. K., Hospital No. 4464, w.ns a man fifty-seven years of ago. Ho was 
always a vigorous active person in good healtli. No attacks of tonsillitis, rheumatic 
fever, or chorea were ree.nlled. He suffered from three Neisserian infections as a 

young man, but no history of syphilis was obtained. His wife and two children 
were living and well. 

Ill the spring of 1920, two years prior to the first admission, he experienced 

r climbing stairs. Three months later swdling of 

the ankles appeared in the evening. A physician then prescribed digitalis and^im 
provement followed. Except for an occasioml nv i- aiguans and nn- 

he conttaed to tvork a» L„e,h SZT 7 , “ '"™“ 

ht the e...e d.g.ee „ yo,, ^ 

iiiei-ease in sevci-ity until three months hter dv.d" ’ ^ began to 

. edema extended t.bhe thighs. Td „ 'o' T “,:rr"“y™ ■“ 

', abdomen began to enlarge. 
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He had not experienced palpitation, precordial j)ain, or cough. Cyanosis had not 
been observed. Bleeding from hemorrhoids had been present for Hvo years, since 
the onset of the illness. 

On February 2, 1922, at the time of admission to the hospital the state of 
nutrition and muscular development ■were good. Moderate orthopnea and slight 
dyspnea were present. The temperature was 100.4“ F. (rectal). The shm was 
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to tlie left, was present, and was well cxlnbitcd in I’ S . 

February 3, 1922. Percussion demonstrated marked dullness belon llic ai fe 
^sr^^la on tbe right side posteriorly, in this region, vocal “ 
breatli sounds also were diminished. Crackling rales nere hear a 
There was no area of paravertebral dullness. On palpation, localized pulsatmn 
at the base of the he.art and a systolic shock at the apex were felt. The re atne 
cardiac dullness extended 11 cm. to the left of the midlinc in the fifth intercosta 
space and 4.5 cm. to the right in the fourth. The pulse rate was 90; the respira- 
tions were 24 per minute. The systolic blood pressure measured 124 mm. Hg., the 
diastolic, G8. Owing to the presence of scoliosis and the consequent dcforinitj ot 
the chest, the shape of tlic licart was distorted. It seemed to be enlarged, but 
exact measurement was iiiipos.sible. The rhythm was totally irregular as dem 
onstrated in electrocardiograms. The sounds were vigorous and especially so is ere 
the first sound at the apex and the second sound over the pulmonic area. A 
protodiastolic gallop was heard over the wliole precordiuiii. No nuirnuirs wcic 
licard. The root shadows were of increased density and tlic outline of the 
diajihragm was hazy. Of particular interest was a zone of increased density l.fi 
eni. in diameter surrounding the upper lobe and lying against the lateral chest 
wall (Pig. 3-A). There was a convex widening of this sliadow at tlic level of tlic 
third intercostal space anteriorly, bulging inward for 2.5 cm. at a point where one 
might e.xpect the lateral end of tlic interlobar fissure between the upper and middle 
lobes to be. The shadow suggested encapsulated fluid or a markedly thickened 
pleura. The radial pulse was irregular and quick. The peripheral arteries were 
palpable but not markedly thickened. The abdominal cavity was distended with 
fluid; the liver edge was felt at a level of 2 cm. below (he costal margin in the 
mammillary line. The spleen was easily palpable. General anasarca of the lower 
half of the body was present. There were numerous varicose veins in the calves 
of the legs. 

The specific gravity of the urine v.aried between 1.027 and 1.013. The tests 
for sugar ivere negative. Albumin, present in moderate amounts on admission, 
disappeared by the end of tlic third week. Bed and wliite blood cells wore no 
longer observed at the end of the third week after admission to the hospital. The 
urea nitrogen in the blood measured 59 gm. per liter. The phcuolsulphoncphtlmlein 
excretion in two hours was 42 per cent. 

The count of the red blood cells was 4,500,000 and of the white blood cells 12,800 
per cubic mm. A test for tlie oxygen capacity of the blood showed that there was 
C.85 gm. of hemoglobin per 100 e.c. In a differential count the polymorphonuclear 
neutrophiles were 77 per cent; polyunorphonuclear eosinophiles 2 per cent- poly- 
morphonuclear basophiles 1 per cent; monocytes and lymphocytes 20 per cent The 
reaction of the blood serum on Fcbru.ary 11 to the Wassermann test in cholMterin 
antigen was + + and ± m alcoholic antigen with ice box fixation; on March 23, in 
choesterm antigen it ivas + + + + and -f+-f in alcoholic antigen; on April 28 in 

antigen.”'' '®"'' 

Iiospital (February 2 to February 5) the 
temperature rose from 100.6° to 104° (rectal). A cough developed aiM muco 
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to 140 and 104, respectively. On the fourth and fifth days (February G and 
Tebruary 7) digitan, 1.2 gm. (Merck), was given within thirty-six hours. Subse- 
quently tlie patient was kept under tlie influence of digitalis by the administration 
of small doses. Although the cardiac rate was slowed by digitalis, there resulted 
very little increase in the urinary output, slight loss of weiglit, and no disappear- 
ance of edema. Tlie use of theoein was also without diuretic effect. Thoracentesis 
■nas performed on two occasions. A veiy resistant pleura was encountered but fluid 
was not obtained. The temperature fell slowly to 101°. 

On February 13, the rhythm of the heart abruptly became normal. Two days 
later, after 0.5 gm. more of digitan had been given, excellent diuresis occurred. 
At this time the x-ray photograph was identical with the one taken on admission 
(Fig. 3-A). During the' ne.xt ten days (to February 23) the body weight fell from 
72.8 to 65.2 kg. and edema, ascites, and breathlessness disappeared. A few moist 
rales were still heard at the bases of the lungs. An x-ray photograph taken on 
February 21 showed that the shadoAV about the upper lobe had diniinished to one- 
half its Avidth, while in one taken on February 28 (Fig. 3-B) it had completely 
disappeared. 

Until April 28, 1922, he remained in a state of cardiac compensation, the iicart 
rhythm being regular. Potassium iodide and mercuric inunctions Avere given. Those 
teeth shoAA’ing abscesses at the roots AA'ere extracted. ‘When he Avas discharged, a 
moderately enlarged liver and spleen AA’ere the only apparejit residua of his attack 
of heart failure. An x-ray pliotograph taken on disclmrge shoAA’cd that the shadoAA’ 
at the periphery of the right upper lobe had not returned. 

He AA’as examined at bi-monthly intei-A-als until February of 1924. During 1923 
the rhj'thm of the heart rcA’crted to that of auricular flbrillation but AA’ith the 
administration of digitan (Merck), adequate compensation Avas maintained. Al- 
though the liver remained large and slight pitting edema of the ankles AA-as some- 
times present, he continued at active Avork. He Avas not examined during the next 
four years, but in 1928 returned, stating that he had been quite aa'cII during the 
AA’hole interim. The rliytlim of the lieart AA’as again normal. X-ray photographs 
taken during the period of six years had not shoAvn a return of the sIiadoAV aliouf 
the right lobe. 

He disappeared again for tAA'o years, but on Aiiril 23, 1.930, eight rears after tlic 
first attack of heart failure, and ten years after tlie onset of the first sA’mptonis, he 
returned to the hospital suffering from a moderately severe attack and aa-us admitlctl 
for the second time. 

He had Avorked steadily until tAA'o Aveeks before AA-lien dyspnea reappeared. Slight 
pitting edema, Avhieh had been present off and on for eight years, sloAA’ly incre.iscti. 
The abdomen had also enlarged, and he became aAA’are of a sense of oppression m 
the epigastrium. 

The physical examination and, indeed, the course of his illness A\erc so 
ordinarily similar to those of his first admission, except that the attack Avas not .so 
seA-erc, that a detailed description of them is unnecessary. Only relevant phcnornon.i 
or significant differences from those present formerly need be mentioned. 

The general physical examination remained unchanged. The bases of the I 
were fixed. Bales were heard at both. Tlie size of the heart Avas . 

before; the sounds Avere clear, the rhythm Avas totally irregular am an ' 
cardiogram confirmed the fact that' auricular fibrillation Avas present. ^ ^ " ' ' 

Avere heard. The liver and .spleen Avere enlarged; a.scifos Avas prcscii . a cn .i 
mucli less mnrkcd, extezuliii^ only to the knees. 
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in tho left lower lobe was nntca. The shadow surrm.ialn.K the right ui.pir 
noted during his first failure (Fig. li-A) rv.as ahsent. . 

Fluid was not obtained on thoracenfosis on Ajiril 2S. In an x-inj U 

tnheu on Mav I, tho shadow at the right base persisted. At tho periphery of the 
right upper lobe an opaque shadow bulging into the region of the interlobar fissure 
now appeared, identical in outline with that seen eight vear.s before (big. 

On Afav S, fever of 100.-t° F. occurred, increasing the following day to lOl.S", 
'accompanied by cough and expectoration of tiloody sputum. Xo idiangc, however, 
was observed on examination of the ebc.sl. By May 7, the tenijieralure had entire!.' 
subsided, the cough had improved, edema and dyspnea had decreased. An ,x-ra.' 
photograph taken on May (>, tho last day of fever (Fig. d-D), showed that the 
shadow about tlic right upper lohe had also disappeared. When the patient was dis- 
charged on .Tune 1-1, an oulargod liver and sjdccii were the only signs remaining 
of heart failure. He remains well and at work. 

SEMM.AHY AKD CON'f’EU.SIO.VS 

Two caso.s ill iuldilioii to tho.sc already reported are descidlx'd in 
tliis roport in wliich. witli reenrreiil attaedts <d' lieart failiire. loeal- 
ized opiKpic areas in x-ray phitcs in liie right np]n'r half ol' the tho- 
racic cavity appeared hei'ore iiiiiirovement oi‘ th<‘ signs of heart failure 
began, and disappeared with the disappeiiiainee f)f edi'ina and general 
recovery. In botli eases similar shadows reajipeared with the seeomi 
atitaek. One of the iiatienls died during the seeomi altatdv. In this 
ease, autopsy showed that the whole right plemal eavity, with the 
exception of the small portion between the right upper and middle 
lobes which coiistitnted the site of eirusion. was, oIiHlerated. Enclosed 
between these surfaces of normal pleura about. 250 e.e. of fluid, having 
all the characteristics of a transudate, weri* found. 

In all the cases, inclndiiig the two previously reported, it is note- 
worthy that the eiieap.sulated pleural eirusion occurred tinring the 
first attack, and tliat the ))leura was thickened on the sidt' of the efTii- 
sion in three of the four, in two, at autopsy, the whole pleural cavity 
was obliterated save in the region of tlic eirnsioii. in the third, that 
the pleura was thickened was demonstrated by the dinicnlty of per- 
forming thoracentesis. Only one case gave a history of previous pul- 
monary infection. 

It seems likely therefore that the oeciirrenee of localizml pleural 
eftusions like these is dependent on the existence of extensive adlie- 
sive pleurisy antecedent to the development of heart failure. 
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THE INCIDENCE OF HEART DISEASE AND OP THE 
ETIOLOGICAL TYPES IN A SOUTHERN UISPBNSARA^ 

Edwaed H. Schwab, M.D., ahb Victor E. Schulzk, ]\LD. 
Gata'eston, Texas 


TN view of the prominence that organic licart disease lias assmned as 
1 a cansc of death in the United States in the past few decades, the pre- 
vention of cardiovascular diseases has become one of the outstandmg 
problems of preventive medicine. Material accomplishments in the direc- 
tion of the prevention of heart disease cannot 1)c antici])atcd until the 
etiological factors are clearly defined and the accessory elements of 
predisposition reeogaiized. For that reason any contribution to oiu 
present Iniowledge of the causal agencies of heart disease is at. ti\is time 
most desirable. Important additions to our information on the subject 
have been made by recently reported statistical studies on the incidence 
of heart disease and of the various etiological types in different sections 
of the Uiiited States. With the successive appearance in the literature 
of reports of such statistical studies from widely separated sections 
of the countrj’’, it becomes more and more obvioiis that such facloi’s as 
climate, geographical location, race, economic status, and social strata 
exert a. profound influence on the unknown causal agents of licart dis- 
ease in general and the various etiological types in iiarticular. 


Among the contributions to the statistical data on the incidence of heart, 
disease and of the etiological types is the rejiort of Stone and Vanzant,^ 
who in 1927 reported an analysis of 915 cases of organic heart disease 
seen in all Services of the John Scaly Hospital of Galveston over a 
period of seven years. The value of this study is enhanced by the fact 
that it included private as well as charity patients, two entirely different 
social strata therefore being represented. However, whether or not this 
report gives a fair index of the incidence of the various etiological types 
of heart disease in this community is open to question for the reasons 
that follow. First, the majority of patients with heart disease do not 
enter the charity wards until they arc in dire need of hospitalization. 
Thus it is apparent that many patients with heart disease are not in- 
cluded in a study confined to hospital eases. Also, as will be pointed 
out later, certain etiological types of heart disease produce greater dis- 
ability than other types and consequently under the circumstances will 
receive an unfair representation in the hospital wards. Second be- 
c^of the limited facilities for negro charity patients as compared 
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With white patients in the John Sealy Hospital, an accurate incidence 
studj^ of the community population is impossible for, from what is to 
follow, it is evident that organic heart disease is much more prevalent 
in the negro than in the wliite race. The truth of the statement by 
White and Jones^ that “no single series of patients— private, hospital, 
or clinic— gives a correct incidence of heart disease” should bo 
reiterated. 


MATERIAL STUDIED 

In the seven and one-half year interval dating from January 1, 1924 
to July 15, 1931, 49,880 new patients were seen in all Divisions of the 
Oiit-Patient Department of the John Sealy Hospital. Of this number 
10,188, or 20.4 per cent, came under observation in the Medical Division. 
This latter group was composed of 4,252 (41.7 per cent) white persons 
of Avhoin 2,570 were males and 1,682 females; and 5,936 (58.3 per cent) 
negroes of which 3,188 were males and 2,748 females. Of the 10,188 
patients seen in the Medical Division 1,660 were found to have organic 
heart disease. These 1,660 eases of heart disease constitute the basis 
for this study and include only those patients who presented definite 
evidence of organic heart disease as determined by the history and 
physical examination, and confirmed by the Wassermann reaction, 
teleroentgenogram, electrocardiogram, and renal function tests when 
indicated. Those cases in which the diagnosis of heart disease remained 
questionable, after special diagnostic measures had been rc.sortod to, 
are not included in this study. 

This group of 1,660 patients with organic heart disease with refer- 
ence to race was composed of 1,172 (70.6 per cent) negroes and 488 
(29.4 per cent) white patients; with reference to sex, 719 (43.2 per 
cent) females and 941 (56.8 per cent) males; and ivitli reference to 
both race and sex, white females 11.3 per cent, white males 18.1 per 
cent, negro females 32 per cent, and negro males 38.6 per cent. 


CRITERIA EjMPLOYED FOR ETIOIHGICAL CLASSII'TCATIO.V 

In cataloguing the cases of heart disease according to ctiolog},^ as 
.simple a classification as possible Avas em])Ioycd. Multiple etiological 
factors were present in a number of instances, and under such circum- 
stances the final grouping of the case Avas dependent upon Avhat causa- 
tive factor Avas considered to be the primary condition. The ciitciia 
for the diagnosis of the etiological tyjies of heart disease as j)iopos(.i 
by the Heart Committee of the New Yorli Tuberculosis and Health 
Association* AA’cre used, AA'ith the modifications indicated belon. 

Hypertensive Heart Disease. — Included in this category arc tho.se 
cases Avhich presented a persistent elevation of both the sAjtolic am 
diastolic blood pre.s.sures (above 150 mm. ITg. systolic and 9o mm. Jig- 
diastolic) associated Avith demonstrable enlargement of the heart oil ici 
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without impairment of renal function or wiili evidence tliat such im- 
pairment was secondary to a preexisting hypertension. 1 regnant 
women fulfilling the above criteria were not included in this groui). 
Realizing that the vessel trauma incident to a long standing hy])erten- 
sion eventually results in arteriosclerosis, we placed those patients ful- 
filling the above enumerated criteria in this groip) regardless of the 
presence of arteriosclerosis. It is felt, that the type of blood prc.s.suic 
elevation and the character of the resulting vessel change arc sufficiently 
distinctive to exclude the possibility of arteriosclerosis being the primary 
factor in the production of tlic heart disease. In other word.s, all 
patients placed in this group were considered as having essential hyjicr- 
tensioii with or without its complications, the prc.scnee or absence of the 
latter depending largely on the duration of the blood pressure elevation. 

AvicvioscJcvoiic Heart Dii^vasc aiul Corotiarji Avtci'}i Discasr.. Iheie 
were placed in this group those patients who exhibited definite evidence 
of arterial change, the senescent, type of arteriosclerosis in the large 
majority of instances, usually with cardiac enlargement., Avith or Avith- 
out elevation of the blood pre.ssure, and Avith definite evidence of a 
diminished cardiac reserve. In those cases exhibiting hypertension a 
careful study of numerous blood pressure determinations Avas made 
before placing them in this group. In all instances the diastolic blood 
pressure Avas found to be essentially normal or only slightly elevated 
in jiroportion to the systolic pressure, Avhich Avas constantly higl), in 
some eases the elevation being moderate, in others marked. It: is felt 
that arteriosclerosis Avith the consequent rigidity of the vascular tree, 
so characteristic of old ago, is rcsiionsiblc for this tytic of blood ])rcssure 
elevation AAdiich is entirely different in both pathogenesis and character 
from that type previously discussed. It folloAvs from these criteria that 
a majority of the patients in this group Averc of advanced age. Hoav- 
ever, there are also included in this category a fair number of ])atients 
in middle life exhibiting clinical evidence of myocardial Aveakness and 
failure in Avhom coronary artery di.scasc Avas thought to be the etiological 
agent. The clinical picture portrayed by this type of heart disease 
manifestly lacks discreteness. In our series reliance Avas placed mainly 
on the past history of a probable coronary thrombosis, along Avith elec- 
trocardiographic evidence, or on electrocardiographic evidence alone in 
arrmng at a diagnostic decision in these cases. 

Syphilitic Cardiovascular Disease.~ln the diagnosis of this type of 
heart disease, emphasis was placed largely on the discovery of one of 
the characteiastic structural changes; namely, aortitis, aneurysm, or 
aoitic insufficiency, or a combination, in the presence of a positive Was- 
sermann reaction, of a positive history, or of lesions in other parts of 

f f I" of •■'ovtic 

e^ui citation, especially in young persons, a history of the presence or 
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litis was taken into consideration. A surprisingly small number of 
cases of syphilitic aortitis are represented in our series. It is our belief 
that this is largely due to the fact that syphilitic aortitis in the negro 
is only rarely attended by the classical symptoms of this condition and, 
as a result, these patients are not seen at this early stage of their 
disease. Aware of the difficulty in the diagnosis of this particular type 
of cardiovascular syphilis, especially if the s 3 TOptoms are lacldng and 
a moderate hypertension exists, we adliered to very rigid criteria in tlic 
compilation of this group. In patients fulfilling the criteria for otlier 
types of heart disease, the presence of a positive Wassermann reaction 
did not alter sueh a classification. 


INCIDENCE OF HEART DISEASE 

A review of the data presented in Table I indicates that organic heart 
disease occurs in 3.3 per cent of all patients seen in the Out-Patient 
Department of the John Seaty Hospital, and in 16.3 per cent of all 
patients seen in the Medical Division. A consideration of the incidence 
of organic heart disease in reference to race in the patients observed 
in the Medical DiMsion reveals that 19.7 per cent of the negroes had 
heart disease, whereas onlj’- 11.5 per cent of the white patients were 
similai’lj’’ afflicted. It follow's from this analysis that in those patients 
who visit an out-patient department, heart disease occurs one and 
seven-tenths times more often in the negro than in the w'hite race. 


Table I 

iNCroENCE OF OEGANIO HeAET DISEASE 


Number of Out-Patient Department Cases 

Number of Medical Cases 

Number of Cases of Organic Heart Disease 

Percentage of Organic Heart Disease in All Cases 

Percentage of Organic Heart Disease in Medical Cases 

Classification of Cases According to Pace and Sex: 


49,880 

10,188 

1,6G0 

3.3 

1G.3 


Medical Cases 
Heart Cases 
Percentage Showing 
Heart Disease 


White 

Male Female 
2,570 1,G82 
301 187 


Negro 

Jlale Female 
3,188 2,748 
C40 532 


11.7 11.1 20.1 19.1 


Percentage of Organic Heart Disease in Total Wliites 
Percentage of Organic Heart Disease in Total Negroes 
Percentage of Organic Heart Disease in Total Male.s 
Percentage of Organic Heart Disease in Total Females 


ii.r> 

19.7 

17.8 
13.3 


Witli reference to sex, 17.8 per cent of the male.s and 13.3 per cciil 
of the females coming to the Medical Division had heait isease, m i 
eating that in this clinic organic heart disease is one and ^ 

times of greater incidence in the male than in the female. - 

resolution of tliis table discloses that 20.1 per cent of the negro male., 
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11.T per cent of the white males, 19.1 per cent of the negro females, 
and 11.1 per cent of the white females had organic heart disease. Con- 
sidering all types of heart disease the sex incidence in the respective 
races is practically the same, there being only a slight discrepancy be- 
tiVeen the negro males and females. 

INCIDENCE OF THE ETIOLOGICAL TYPES 

Reference to Table II reveals that of the 1,660 patients with heart 
disease 948 (57.2 per cent) were of the hypertensive type; 335 (20.2 
per cent) were arteriosclerotic; 212 (12.7 per cent) were placed in 
the syphilitic group; 57 (3.4 per cent) permitted classification as of 
rheumatic origin; 41 (2.5 per cent) fell into the thyrotoxic class; 12 
(0.7 per cent) were of congenital origin; 39 (2.3 per cent) were im- 
possible of classification; and 16 (1.0 per cent), including 6 eases of 
subacute bacterial endocarditis, 8 of emphysema heart disease, and 2 
of acute and chronic pericarditis, were classified as miscellaneous. There 


Table II 


Frequency op Heart Disease in the Various Etiological Groups 


TYPE 

NUMBER 

OP 

CASES 

PER 

CENT 

WHITE 

TOTAL 

NEGRO 

TOTAL 

MALE 

FEMALE 

MALE 

female 

Hypertensive 



95 

112 


338 

403 

741 

Arteriosclerotic 




■ 35 


125 

35 

160 

Syphilitic 



31 

2 


132 

47 

179 

Eheumatic 

57 


18 

. 18 


10 

11 

21 

Thyrotoxic 

41 

2.5 

1 

13 

14 

6 

21 

27 

Congenital 

12 

0.7 

1 

2 

3 

5 

4 

9 

Miscellaneous 

16 

1.0 

S 


8 

6 

2 

8 

Unknown 


2.3 

7 

5 


18 

9 

27 

Total 



301 

187 

CO 

CO 

640 

532 

1,172 


were included in this series 11 cases of angina pectoris, all complicating 
some other type of heart disease and all occurring in white patients. 
These statistics make it obvious that in this particular community we 
are concerned largely with three types of Iieart disease; namely, the 
hypertensive, the arteriosclerotic, and the syphilitic, these three groups 
constituting approximately 90 per cent of ail cases of organic heart 
disease coming under observation. Rheumatic heart disease, an ex- 
tremely important etiological group in many sections of the United 
States, in this locality plays a very minor role. 


HIPERTENSWE HEART DISEASE 

III fliis locality, patients ivitl, this type of heart disease constitute 
1 ) fai the largest ctiolggioal group, 048 cases or 57.2 per cent of all 
the eases of organic heart disease. Of these 948 patients, 207 (124 
pel cent) were white patients and 741 (44.6 per eent) were negroes 
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The incidence of hypertensive heart disease in the patients coming to 
the ilfedical Division is 12.5 per cent for the negro and 4.9 per cent 
for white patiente, from which it seems to follow that the hypertensive 
type of heart disease is about two and one-half times of greater in- 
cidence in the negro than in the white race. Similar analysis of these 
data in a consideration of the influence of sex on the incidence of this 
etiological type reveals that of the 948 patients constituting tliis group 
515 (31 per cent) were females and 433 (26.1 per cent) were males, 
the incidence for the patients seen in the Medical Division being 11.6 
per cent for females and 7.5 per cent for males. Obviously in this clinic 
hypertensive heart disease is of one and one-half times greater incidence 
in females than in males. The greater incidence of hypertensive heart 
disease in the female is not generally appreciated, several standard 
textbooks stating the opposite to be true. Analysis of these same data 
as regards both race and sex reveals that the incidence of hypertensive 
heart disease in the patients coming to the Medical Division was as 
follows: negro males 10.6 per cent, white males 3.7 per cent, negro 
females 14.7 per cent, and white females 6.6 per cent. These figures 
suggest that in this tj’pe of heart disease tlie incidence is throe and 
one-tenth times as great in the negro male as in the white male, and t^YO 
and two-tenths times of greater incidence in the negro female than in 
tJie ndiite female. It is further indicated that essential hypertension is 
one and eight-tenths times of gi'eater prevalence in the white female 
than in the white male, whereas in the negro race tlie incidence in the 
female is onty one and four-tenths times greater than that in the male. 

ARTERIOSCLEROTIC HEART DISEASE 

Patients hvith this type of heart disease comprise the second largest 
group in this scries, 335 cases or 20.2 per cent of all tlio heart cases. 
Approximatelj’’ 60 per cent of these cases exhibited hypertension. Of 
these 335 eases, 175 (10.5 per cent) were white patients and 160 (9.6 
per cent) were negroes. The incidence in the medical cases for tlic 
arteriosclerotic type of heart disease with reference to race is 2.7 pci 
cent for negroes and 4.1 per cent for white jiatients, from which it 
follows that this type of lieart disease occurs one and one-half times 
more frequently m the white than in tlie negro race. Further anaijsis 
of these data in a consideration of the influence of sex on the incidcnct 
of this type of heart disease discloses that of these 335 patients theic 
were only 70 (4.2 per cent) females as compared with 265 (15.0 per 
cent) males, the incidence in the medical cases being 1.6 iier cent for 
females and 4.6 per cent for males. Manifestly this etiological tjpe 
of heart disease occurs approximately three times as often in males as 

in females. 
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SATHILITIC CAIUHOVASCUJjAR DISICASIC 


Of the 1,660 cases of ovgauic hoavt disease, 212 or 12.7 per eoiil fell 
into this category. With reference to structural ehango.s this group 
is further divisible as follows: 162 eases of aortic regurgitation oi 
which 102 occurred in negro males, 32 in negro females, 2o in win c 
males, and 2 in white females; 37 aneurysms of which 24 occurred in 
negro males, 7 in negro females, and 6 in white males;^ 14 cases o 
syphilitic aortitis all of which occurred in the negro race, 6 in the males 
and 8 in the females. Considering all of the patients seen in the lledieal 
Division of the Out-Patient Department, the racial incidence lor this 
type of heart disease is 3 per cent for negroes as compared with 0.7 
per cent for the white race. Conversely this tyjic of cardio\ascul<n 
disability is four times as fretjuent in the negro as in the while medical 


patient. A consideration of the incidence with reference to the various 
structural changes reveals that aneurysms occur with great m- freriuoncy 
in the negro as compared with the white race than does aortic insufti- 
cieney, A consideration of thc.se statistics from the aspect of the rela- 
tion of sex to the incidence of this etiological tyjic reveals that among 
the medical patients the incidence for males is 2.8 per cent while for 
females it is only 3.1 per cent, indicating that in this locality at least 
this type of heart disease is of two and one-half times greater incidence 
in the male than in the female. 


RHEUMATIC HEART DISEASE 

The number of patients included in this scries suffering with this 
type of heart disease is too small to justify the arrival at any con- 
clusions as regards the influence of race or sox on the incidence of this 
etiological type. In this locality rheumatic heart disease like the 
arteriosclerotic type appears to occur more frequently in the white race 
than in the colored. As regards sex, the incidence is slightly highci’ 
in the female than in the male. 

The low incidence of rheumatic heart disease in this community is 
readily explainable on the basis of the rare occurrence of the rheumatic 
series of infections in the South, a phenomenon in wdiich climate appears 
to play a large part. 


THYROTOXIC HEART DISEASE 

In this clinic where hyperthyroidism is not frequently seen, this tyiio 
of heart disease necessaidly constitutes a relatively small group, 41 cases 
or 2.5 per cent of all the heart cases. It is, however, interesting to note 
that in this small group, too small perhaps to be of any comparative 
value, the incidence for this type of heart disease is greater in the negro 
(0.4 per cent) than in the white race (0.3 per cent) As would be 
expected, the incidence in females is greater than that in the males. 
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^ The infrequency of endemic goiter in this locality because of its situa- 
tion on the seacoast seems to be an adequate explanation for the low 
incideiiee of thyrotoxic heart disease here as compared lyitli more in- 
land regions. 

UKICNOWN HEART DLSEASE 

The group impossible of classification constituted 2.3 per cent of the 
heart cases. It is very probable that a fair number of the eases 
catalogued in this group formerly liad hypertension, in view of the 
fact that they presented evidence of marked enlargement of the heart 
in the absence of valvular disease, a finding so characteristic of the 
hypertensive type, and a complete absence of other discernible etiological 
factors. Also included in this group are a number of eases, jifactically 
all negro males, who exhibited marked cardiac enlargement, congestive 
heart failure in the majority of instances, a strongly positive blood 
Wassermami reaction, and a striking absence of the cliaracteristic struc- 
tural lesions of syphilitic heart disease. Necropsy on a number of these 
cases shed no further light on an etiological diagiiosis. It is very likely 
that they belong in the syphilitic group. 

COMPARISON 

Few statistics are available to enable a comparison of the incidence 
of heart disease in various sections of the United States to be made. 
Davis and Thoroughman^ reported that, 3.7.. per cent of all admissions 
to the University Division of the Grady Hospital of Atlanta, Georgia 
and 21.7 per cent of those admitted to the Medical Sendees had organic 
heart disease. In an interpretation of these data it shonld he remem- 
bered that only negroes are admitted to this hospital. In Stone and 
Vanzant’s series^ 3.6 per cent of all hospital admissions and 16 ])er 
cent of all admissions to the Medical Services (of tlie John Scaly Hos- 
pital in Galveston) had organic heart disease. Coffen® of Portland, 
Oregon reported that of 13,258 medical patients admitted to six dif- 
ferent hospitals 26 per cent were afflicted with heart disease. 

The available statistical matter on the incidence of the etiological 
types of heart disease aecnmnlated from wddely separated sections of 
the country should lend itself to a very valnahlc as well as interesting 
study in comparison. However, owing to the discrepancy of the diag 
nostic criteria employed for certain tyq>cs of heart, disen.se by the dil- 
ferent authors, an exact compari.son is made very difficult. Tlic fail 
universally’ accepted criteria for the diagnosis of syphilitic, rliemnatic, 
and thyrotoxic heart disease permits accurate comparison of these 
etiological types. The difficulty arises wlicn a comparison of the arfei-jo- 
sclcrotie, the coronary arteiy di.sca.se group, and the hypertensive groups 
is attempted, as in many instances these groups are eoinbincc aiu 
designated as ai'teriosclcrotie or as artcrio-sclcrotic plus Iiypeitcnsio 
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The use of that type of classification does not permit further segrega- 
tion of the hypertensive cases into those in which the arteriosererosis 
was a secondary change and tliose in Avhieh the condition was primary. 
In this communication an attemiit has been made to distinguish between 
the different types of hypertension and to catalogue them in separate 
groups. 

In Table III, taken from the report of Viko« ndth tlie addition of 
data accumulated by tliis study, there is presented a comparison of the 
relative incidence of the etiological types of heart disease in widely 
separated sections of the United States. 

As was emphasized in the introduction of this communication, the 
incidence of heart disease, particulaily the relative incidence of the 
etiological types, in a locality will vaiy, depending upon the source 
of the material — that is whether the statistics were gathered from a 
study of private, hospital, or dispensary patients. Reference to Talile 
III reveals a discrepancy in the data presented by Stone and Yanzant 
and the results obtained from our study. This discrepancy confirms 
the truth of the statements made in the introduction. The difference 
is disclosed mainly in the comparison of the hj^oertensive group (47.7 
per cent compared with 57.2 per cent), the arteriosclerotic (13.7 per 
cent compared with 20.2 per cent), and the syphilitic (19.3 per cent 
compared with 12.7 per cent). These differences are readily explainable 
by the fact that the cardiac- disability -incident to the hypertensive and 
the arteriosclerotic types is seldom as extreme as in the s.yi>hilitie group 
and consequently a fewer number of the foimer groups demand hos- 
pitalization as compared with the lattei’. Another factor which ac- 
counts for the greater number of hyperteusive cases in onr scries is the 
larger percentage of negroes in' our study who, as we have already 
shomi, have a much higher incidence of hypertensive heart disease tlmn 
do white patients. 

As regards a comparison of the incidence of the etiological types of 
heart disease in this loealit.y 'with similar statistics from other sections 
of the eountiy, our results do not materiall.v alloi' the conclusions dravn 
by Stone and Yanzant, hut further emphasize the high incidence of 
syphilitic and hypertensive heart disease and the extremely low inci- 
dence of rheumatic heart disease. The high incidence of thc.se tuo 
types of heart disease is accounted for largely by the factor of race, 
a large number of ncgi’oes being included in both studies. 

Perhaps the most outstanding fact that appears from this stud.v 
is the extremely high incidence of organic heart disease as a uholc m 
the negro as compared with his white brother. One becomes even more 
impi’cssed following a comparison of the various etiological t.\pc.s in f le 
two races. It is generally Icnoum that syphilitic heart dis-ease i.s ot 
much higher incideuee in the negro than in the white race, u.simi .% 
attributed to the fact that syphilis is of greater prevalence in that race. 
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However, it is quite possible that this is not the only factor involved. 
On the contrary, it is not generally recognized that hypertensive heait 
disease is of so much greater prevalence in the negro race, being in this 
study two and one-half times more frequent. This rather startling fact 
opens a fertile field for investigation. Were it possible definitely to 
ascertain the reasons for tliis marked discrepancy, the riddle of hyper- 
tension would be nearer solution. Arteriosclerotic heart disease alone 
occurred with greater frequency in white patients than in those of the 
negro race. We believe that this is probably attributable to the fact 
that the average age of death in the negro race is much lower than in 
the white race, and, as a result, a smaller number of negroes reach that 
period of life in which this type of heart disease occurs. 

A detailed discussion of all possible causative factors which might 
account for the much higher incidence of heart disease in the negro race 
will be jn'csentcd in a future communication. 


SUMMARY AND CONCLUSIONS 


1. The incidence of organic heart disease in the Out-I’aticnt Depart- 
ment of the John Scaly Hospital of Galveston, Texas is 3.3 2ier cent for 
all admissions and 16.3 per cent for tliose patients observed in the 
Medical Division. 

2. Organic heart disease as seen in this clinic is of one and three- 
toutlis times greater incidence in the male than in the female, and of 
one and seven-tenths times greater incidence in the negro than in the 
white race. 

3. The hypertensive group (57.2 jicr cent), the arteriosclerotic group 
(20.2 per cent), and the syphilitic grouj) (12.7 per cent) constitute 
90 iier cent of all eases of organic heart disease coming under observa- 
tion. 


4. Hypertensive heart disease, as seen in this disiiensary, is of one 
and one-half times greater incidence in the female than in the male 

and is of two and one-half times greater incidence in the negro than in 
tlie white race. 

5. Arteriosclerotic heart disease occurs three times as frequently in the 

male as in the female, and one and one-half times as frequently in the 
white as in the negro race. 

6. Syphilitic heart disease is two and one-half times as prevalent in 

le male as in the female and of four times greater incidence in the 
negro than in the white race. 

thc'MeLTn-"^ seen in 

me lUedicai Division is only 3.4 per cent. 

8 The incidmee of heart disease and particularly the relative mcidence 
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9. Attention is called to the much greater prevalence of heart disease 
in the negro race. 

The writers wish to acknowledge their indebtedness to Hr. Joseph Kopecky 
who originally started the filing system which made this study possible. 
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THE LARGE Q-WAYE OF THE ELECTROGARHIOGRAM. A 
CORRELATION WITH PATHOLOGICAL OBSERVATIONS- 

Nathan M. Peniciieia M.D., and Victor H. Kiigedd. ^I.H. 

New Y^ouk, N. T. 

'X'HE presence ol a large Q-wave in Lead HI lias been noted b> 
1 Pardee'’ ' and Levine" in eases of coronary occlusion. Subsequent 
analysis of electrocardiograms at IMontcfiore Hospital confirmed their 
observations and also indicated that the large Q-waye was a frequent 
electrocardiographic sign in this condition. As the initial ])art of the 
QRS deflection! probably corresponds to the excitation of the se]i- 
tum and adjacent apices of the two ventricles (Lewis''), it appeared 
to us that damage to the septum with involvement of the minor con- 
ducting divisions supplying the apical regions, might be responsible 
for the production of the large Q-wave. 


THE FREQUENCY OF THE EAROE Q-WAVE 


Before attempting a correlation with pathological material, the fre- 
quency of the large Q-wave was determined in the electrocardiograms 
of the last 140 cardiac patients at !Montefiore Hospital. The records 
of the 35 necropsied cases considered in the correlation are excluded 
from this group. Pardee’s ci’iterion for a large Q-wave Avas adopted: 
that is, a negative wave of more than 25 per cent of the maximum 
deflection in whichever lead the latter occurred. In Pardee’s collec- 
tion of 227 records obtained from healthy adults with apparently 
normal hearts, only 2 presented a large Q-wave in Lead III. 

Occasional difficulty was encountered in interpreting a small initial 
upivard peak, especially in Lead III of left axis deviation records 
because of muscular tremors or oscillatory waves of auricular fibrilla- 
tion, This difficulty Avas usually solved by scrutinizing all the com- 
plexes in the lead. Moreover, if the initial paid of the QRS complex 
in Lead II Avas moi’e negatwe than in Lead I, it Avas inferred that a 
doubtful preliminary deflection in Lead III AAms also negatiA'’e. 

Of the 140 patients Avith heart disease, 30 Avere clinically suspected 
of suffering from coronary artery disease ; the records of 13 of these 
shoAved a. large Q-Avave in Lead III and another presented a large 
Q-Avave in Lead II only. In this group of 30, 27 records shoAved left 
axis deAuation. The electrocardiograms of the remaining 110 eases 
were classed according to axis deviation. None of the 30 with normal 
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axis deviation revealed a large Q-Avave in any lead. In the 40 reeord.s 
Avith right axis deviation, a large Q-Avave only in Lead III Avas ob- 
served in but 2, both being from children Avith congenital piilinouie 


i'.iijPl 
1 11*1 






r 


stenosis. Two ol tlie 40 records ot left axis 
Q.wave in Lead III and one other slunved " 

,l.K^L!tL^•aIvn.ar lesions, aortic insnffleiene.v „rcdo.nn,n..ng. 
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It is seen from these statistics that a large Q-wave in any lead of 
the electrocardiogram (exclnding cases of congenital and adyancec 
rhenmatic heart disease) is nnusual except in^ cases of myocardia an- 
volvement consequent upon coronary artery disease. Inasmuch as e 
great majority of records from eases suspected of myocardial infarc- 
tion show left axis deviation, special attention is directed to the tliirc 
lead in this type of record. In cases without myocardial infarction 
this lead usually shows a distinct initial upward peak or R-wave of 
considerably more than 5 per cent of the maximum QRS deflection 
before joining the princiiial downward deflection or S-wave (Pig. 

If the upward peak is less than 5 per cent of the maximum QRS de- 
flection, the preliminary deflection cannot be classified (Pig. 3R). On 
the other hand, in the cases of myocardial infarction, this lead most 
frequently shows either a very large Q-wave due to the fusion of the 
initial downward 'deflection with the principal inverted deflection or 
no Q at all (Pig. 1). 


CORRELATION OF ELECTROCARDIOGRAMS WITH PATHOLOGICAL jMATERIAL 


Thirty-five hearts from patients who died on the Medical Service 
during the past two years were then examined. Tlie cases were not 
selected except for the exclusion of congenital and uncomplicated 
rheumatic hearts as well as those with records of major intraventricu- 
lar conduction disturbance as differentiated by a QRS inteiwal over .12 
see. In this particular type of electrocardiogram, tliere is represented 
probably a disturbance of conduction in either main branch, and minor 
aberrations in excitation cannot therefox-e be evaluated. Most of the 
patients suffered from hypei'tension, antecedent or persistent, udth 
the chronic artei'ioselerotic complications. The remainder of the 
sei'ies compi'ised 2 cases of syiihilitie aortitis, 2 cases of iiolycythemia 
vera, and 2 cases of rheumatic cairlitis with concomitant hyperten- 
sion. The majority were followed in the hospital for a few months 
and had several electrocardiograms taken. Successive electrocardio- 


grams, did not usually .show much Amriation, since additional acute 
occlusions Avere infrequent. In cori'elatiug the records Avith the car- 
diac changes, due consideration Avas given to the lapse of time between 
the last record and the date of necrospy. The last record was taken 
within the month before death in all but 3 cases. 

On gross examination the hearts Avei’e scrutinized particularly for 
the nature and site of myocardial damage Avith particular reference 
to interventricular septal involvement. Microscopical studies Avere 
made Avhen gross inspection Avas inconclusive. In most of the eases 
the myoeai-dial toage consisted of healed infarcts or scattered patches 

0 fltaosjs residtmg from occlusion of one or more of the principal 
coronary arteries. ^ 
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In Table I are listed 12 eases with electrocardiograms of left axis 
deviation and a large Q3 (Pig. l). Mj^ocardial damage with involve- 
ment of the septnm postei-iorly, and in most instances anteriorly as 
well, was present in all the hearts. Case 12 showed a recent infarc- 
tion of the posterior wall of the left ventricle and a recent thrombosis 
in the right coronary artery. Grossly the septnm appeared normal 
and on microscopical examination only some small areas of fibrosis 
were seen. In the snecessive electrocardiograms of Case 12, a large 
Qg was observed six months prior to death; this Avas absent three 
months later bnt reappeared five da.YS before deatli from the aente 
coronary thrombosis. This case was also the only one demonstrating 
a tz'ansient large Qg. 


Table I 


Left Axis Deviation With Large Q,* 


CASE 

NO. 


( INITIAL tVAVE OF QRS 

NLUCIMIIM 

PART OF SEPTUM INVOLVED 

LEAD 

I 

LEAD 

II 

LEAD 

in 

QRS DE- 
FLECTION 

1 

Lower third, anteriorly and posteriorly 

+ 8 

- 7 

-10 

10 

2 

Lotver posterior 

- 1 

- 2 

-12 

24 

3 

Lower iialf, anteriorly and posteriorly 

- 1 

- 2 

- 6 

17 

4 

Diffuse fibrosis, especially posteriorly 

- 1 

- O.i) 

-13 

14 

5 

Lower third, anteriorly and posteriorly 

•- 1 

- 1 

- 0 

10- 

6 

Lower two-tiiirds, posteriorly 

+ 6 

- 1 

— 

, 7 

7 

Diffuse fibrosis of entire septum 

+ 5 

- 2 

~ 2.5 

0 

8 

Lower two-thirds, posteriorly 

+12 

- 1 

- 4 

12 

9 

Diffuse fibrosis of entire septum 

+12 1 

+ 7' 

-11 

12 

10 

Lower half, anteriorly and posteriorly 

+20 

+ 1 

-20 

23 

11 

Diffuse fibrosis with necrosis in center 
beneath aortic ring 

+ 8 

- 1 

-11 

12 

12 

Slight fibrosis, especially posteriorly 

- 5 

- 1 

- .0 

12 


*AU of these hearts showed healed myocardial infarcts or scattered areas of fibro- 
sis subsequent to coronary avtery occlusions. The extent of the septal involvement is 
given in tlie table. In the measurement of tlie initial wave of the QBS coinpIe.x in 
each lead, the value of either the Q or the R is given in 10-‘ volts. The value oi 
the maximum QKS deflection isi taken from the lend in which it occuri'od, rcgar(iic.=s 
of whether the deflection was upright or inverted. 

Table II comprises 3 cases with tracings showing normal axis devia- 
tion and a large Qg (Pig. 2A). In Case 14, Qj ivas larger than Qg. 
All three presented healed rajmeardial infarcts inelnding the Imver 
part of the septnm anteriorly and posteriorly. 

Table II 


Nobjial Axis Deviation With Large 




I INITIAL IVAVE OP QRS 

.MAXI.MU.M 

QR-S 

CASE 

NO. 

PART OF SEPTUJf INVOLVED 

LEAD 

I 1 

LEAD 

It 

LEAD 1 

in 

13 

14 

15 

Lower half, anteriorly and lower fourth, ' 
posteriorly 

Lower third, anteriorly and posteriorly 
Lower third, anteriorly and posteriorly! 

+5.5 

-3 

-1 

+8.5 

j 

-1.5 1 

~3 

-1 

-2 

S.o 

i 3 

4 


tA healed myocardial Infarct rc.<;ultlng from coronary artery ncctu.«fon ua.'- "im 
in each of the three hearts. 
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In Table III are listed 2 eases with records of right axis deviation 
and a large Qg (Fig. 2B). In Case 16, Qg was sliglitlj^ larger than Q . 
Myocardial damage with extensive involvement of the anterior and 
posterior portion of the septum was present in each heart. 

Table III 


Bight Axis Deviation With Large Q/' 


CASE 


1 INITIAL WAVE OF QRS 

MAXIMUM 

QRS 

NO. 

1 

PART OF SEPTU.M INVOLVED 

LEAD LEAD 

I II 

LEAD 

III 

' 

Entire left ventricular surface of septuni 

[ +1 - 2.2 

-2 

6 

17 

Lower half, anteriorly and posteriorly 

’ +5 +3 

-2 

5 


*Both hearts showed myocardial scars, and coronai-j- artery closures. 


Table IV .pontains 16 eases with records of left axis deviation and 
a positive preliminary deflection ;dn Lead III of more than 5 per cent 
of the maxium deflection (Fig. 3>1). In the first five eases (Cases 18 
to 22) there was evidence of coronary occlusion and mjmcardial dam- 
age without any involvement of the septum. In the following 8 cases 
(Cases 23 to 30) the septuni as ivell as the rest of the myocardium 

Table IV 


Left Axis Deviation With Positive Prelisiinary Deflection in Le\b III* 


CASE 

NO. 

PART OF SEPTUM INVOLVED 

1 INITIAL WAVE OF QRS 

maximum 

QRS 

LEAD 

I 

LEAD 

II 

LEAD 

IH 

18 

None 

+14 

+12 

+6 

15 

19 

None 

- 1 

+ 7 

+2 

9 


None 

- 2.5 

+ 9 

+7 

14 

21 

None 

+ 0.5 

+ 1.5 

+2 

14 

22 

None 

- 1.5 

+ 3 

+5 

27 

23 

None ■ 

+ S 

+ 5 

+1.7 

9 

24 

None 

- 1 

+ 1 

+2 

23 

25 

None ,.t 

- 1 

-f 9 

+3.5 

13 

26 

None . •- 

+ S 

+ 3 

+1.5 

9 

27 

None 

- 1 

+18 

+2 

19 

28 

None 

- 1 

+ 3 

+2.5 


29 

None 

- 1 

+ 9 

+1.3 

12 


None 

+17 

+13 

+2 

17 

31 

Extreme anterior margin 

+15 

+ 3 

+2 

10 

32 

Lower third, anteriorly 

+ 7 

+ 6 

+4 

10 

33 

Diffuse fibrosis of lower half 

+ 6 

+ 2 

+1-'? 

9 


•A'lic nearrs oi <jases a» io rcvcaicu coroiim.» .uui ii’.oi'.” , , 

fibrosis in the left ventricle v/ithoiit a.ny ser?tal involvement. In the he.art « ; 

■ a small branch of tho left circumflex arteiT 'va.s nit uu 

' In the hearts of Case.s to 30 ^ Uie myocaicfitmi vn. 


23, an occlusion of _ 

myocardium appeared normal, in tne Hearts oi v^asu.^ lu ou, u.u 
intact although thdrfe was slight to moderate sclerosis of the coronary \cs..ei.. 
hearts of Cases 31 to 83 presented healed m.vocardial infarct.s. 


appeared intact. The last 3 eases (Cases 31 to 33) .sliowod liealcd 
myocardjal infarcts with septal involvement. Case 33 alone revealed 
damage in the posterior part of the septum. 

In Table V are listed 2 cases with electrocardiograms of left axis 
deviation and unclassified preliminary deflection in Lead III. Die 
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record ol Case 34 contained a rerj- small mitial “ 

Lead III of only 4 per cent of the maximum deflection (Fig. 37i). in 
SL 35 the preliminary deflection in Lead III shoived a pronounced 



change during an intervening fifteen months’ period, the second record 
haying been taken one montli before death. Although this last record 
did not present any Q 3 , its preliminary deflection was definitely altered 

ig. 4). Healed myocardial infarcts with extensive septal involve' 
ment were present in both cases. 



the ahericah- heart jourkal 

In consideration of the variability of the coronary circulation evi- 
dent from the different sites of infarction with occlusion of the same 






vessels, and of a pro])able similar analouncal variability oi the spe- 
cialized conducting system, a more precise localization ol the sep - 
damage Avas not attempted. All of the 17 cases uith a <iir- .. 
vealed septal involvement, at least in the posterior portion. Jn - 
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Table V 


LBin- AXIS Deviatiox With Ukclassipikd Pueumikaby Pkfl kctiox in Lear III* 





INITIAL WAVE OF QRS I 

maximum 

QRS 

CASE 

NO. 

part of septum involvep I 

1 

LEAD 1 
1 ! 

LEAD 

LEAD 1 

in 1 

34 

35 

Loiver half, anteriorl.v and posteriorly 
Lower half, anteriorly and posteriorly 

-o.s 1 

-0.5 

- 1.4 

+ 0.5 

+0.3 

+0.S 

s 

7 


hearts showed coronary artery occlusions with hcalctl Infarcts, 


16 cases witho\it a large Q,, only one showed involvement ol! the pos- 
terior portion of the septum. Xo attempt ivas made to correlate the 
pathology in the remaining 2 eases (Case.s 34 and 35) ivitli their un- 
classified electrocardiograms. 


COMMENT 

These findings indicate that a large Q.^ is associated with damage in 
the septnm, particularly in tlie posterior portion. 3’lic,, Iroqueney of 
the large probably depends on the proximity of the septinn to the 
most frequent sites of infarction. The large ensues in the majority 
of instances when the resultant apical infarction, subsequent to oecln- 
sion of the left anterior de.seending hi’anch, includes the lower 250stc- 
rior part of the septum. When the right coronary artery is occluded, 
the infarction in tlie posterior wall of the left ventricle nsnally ijivolvcs 
the adjacent posterior part of the septum. The large Q,^ was observed 
in 9 cases whei’e the sole infarct occurred at the apex as well as in 
4 cases where the sole infarct occurred in the superior or middle paid 
of the posterior wall of the left ventricle. Accordingly, this exchfdes 
the possibility that the large i.s a consequence of one particular site 
of infarction in the walls of the left ventricle. 

Six cases recorded a large Q, which in 2 was even greater than the 
large Q^; while in another Qj was the largest. Hfyocardial infarction 
with septal involvement was present in all 7. Wliile these data are 
insufficient to draw any conclusions, it seems that a large Qi or Q„, 
normally infrequent, may have the same significance as the large Q... 

The large Q3 is especially im]5ortant because it is the most frequent 
electrocardiographic sign during the chronic period of myocardial in- 
faiction. Sometiine.s it is the only grarihic cine to the jjatliological 
condition present in the heart. During the aente period of myocardial 
infarction, the large and the other cliaracteristie signs commonly 
occur together; hnt in the period subsequent to the acute coronary 
thrombosis the R-T segment usually becomes iso-eleetric and the 
T-wave mversion becomes absent or limited to either Lead I or Lead 
III. This IS borne ont in our neeropsied cases of myocardial infare- 
tion^or fibrosis, predominantly of chronic nature,- a large is present 
in Iq whereas a negative T in at least two leads is found in 8, and an 
abnormal R-T segment in 6. Electrocardiograms with QRS intervals 
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over .12 see., such as occur in bundle-branch block or arborization 
block, ^vere not included in this study. Although such records are 
also indicative of coronary artery disease, they are not seen as often 
as those rrith normal QES intervals. 

An inspeetion of the eases of coronary thrombosis reported by oth- 
ers presents some similar findings. On examining the 82 electro- 
cardiograms of Levine V series, a large Q- is found in approximately 
40 per cent, including the 4 eases where definite mention is made of 
septal infarction. In Barnes and “Whitten’s® series, there is no in- 
stance where a large Qg occurs without septal involvement. However, 
in .3 eases in which involvement of only the anterior part of the sep- 
tum is described, no abnormal Qg is seen. The findings in the last 3 
cases thus correspond to our obseiwations in Case 31 and Case 32. 

Some of the electrocardiograms of Levine’s series, taken shortly 
after an acute occlusion, showed a large Qg which subsecpiently dis- 
appeared. A transient large Q. was present in only one of our cases 
(Case 12) probably because our patients were not usually observed in 
the period immediately following the acute thrombosis. Temporary 
cii'culatory disturbance of that part of the septum adjacent to an area 
of infarction may be responsible for the production of a large Qg 
which later disappears, possiblj’ due to the development of a compen- 
satory collateral cu'culation. Consequently, a transient large Qg may 
also be considered as indicative of myocardial involvement. Pardee" 
obsei’ved a transient large Qg in the records of a boy during a bout of 
acute iheumatie carditis. This may have been due to an acute inflam- 
matory lesion in the septum. 

It is interesting to note that the experimental work in dogs yields 
some suggestive observations. Rothbei’ger and Wintcrberg'' studied 
the electrocardiographic changes following severance of the anterior 
and posterior divisions of the left bundle-branch. When either divi- 
sion was cut, no widening of the QRS complex occurred. After cut- 
ting the posterior primary division, the.v noticed a prominent increase 
of the R in the ano-esophageal lead. In their observations they did 
not include any comparatively small alterations in the early part of 
the QES complex. However, on comparing their records from foui 
experiments in which the posterior division was divided, a small Q 
which is absent in the ano-esophageal lead of the control recoids, is 
seen in the ano-esophageal lead of three of the four postopelati^e lec 
ords. Otto’s' records also demonstrate the appearance of a small Q 
in the axial lead (Lead II) after section of the posterior division. Al- 
though a large Q was not recorded following these opciations, ncM i 
theless the change from a preliminary upward to a .small dowmvarc 
deflection may pos.sibly be sequential to a similar aberration o ^en- 
trieular excitation in the dog. 
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THEORETICAL CONSIDERATIONS 

Before considering the origin of the large Qg, it is necessary to 
investigate the influence of ventricular hypertrophy and heart posi- 
tion upon the deflections occurring during the various periods of ven- 
tricular activation. Lewis* concluded that the inscription of Q and 
the beginning of K. corresponded in time to the excitation of the sep- 
tum, right papillaiy muscle, apices of the two venti’icles and irnme- 
diately adjoining areas; the most prominent part of R-, he asciihed 
to activation of the mass in the walls; and the last part of the QRS 
complex, predominantly to basilar excitation. While these conclusions 
were deduced from experimental work in dogs, they are probably even 
more applicable to man. Because of the relatively larger dimensions 
of the endocardial surfaces of the human ventricles, a greater propor- 
tion of time is required to distribute the excitation wave to the vari- 
ous endocardial regions. Therefore, the septum, adjacent anterior and 


X 



Fig. 5. — Tlie electrical axes calculated from four electrocardiograms at .02 sec. 
ana (U’awn to the same scale. 4. from Pig. 3Ay left axis deviation with a preliminai'j' 
Us. B from a record of right axis deviation with a small Qs. 0 from Fig. lA: left 
deviation with a large Qs D from Pig. 2B ; right axis deviation with a large Qs 
and Qs. 

respectively, the right arm, left arm, and left leg electrodes, 
ieatls'^^™^® indicate the directions associated with positive deflections in the three 

posterior walls, and adjacent apices of the two ventricles, being near- 
est to the bundle branelies, would most likely be activated first. Tlie 
mitenor and posterior walls, by producing potential ditferences dur- 
ing activation that lie perpendicular to the frontal plane of the three 
electrodes, hardly affect the standard electrocardiogram and their 
influence may consequently he disregarded. 

In the electrocardiograms of left axis deviation from cases uncom- 
plicated by myocardial damage, the preliminary deflection is usually 
opposite to the main deflection, so that a small Q is most often present 
m Lead I and a small R in Lead III. In hearts with this type of rec- 
ord, the septum and adjacent inferior portions of both ventricles are 
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frequejit]}- displaced to the right by the relatively greatei' left vea 
tricular hypertrophy. This is best seen in sifn at post-mortem exami- 
nation of cases with cardiac hjqjertrophy secondan- to hypertension 
The displacement of these regions, first activated,' thus corresponds, 
in general, to the direction of the early electrical axes which are in- 
clined downward and to the right as calculated from the initial nega- 
tive deflection in Lead I and positive deflection in Lead III (Fig. 5.4). 

If one excludes eases of myocardial infarction, right axis deviation 
electrocardiograms usually show a positive preliminary deflection in 
Lead I and a small Q iu Lead III, both being in opposite phase to the 
principal deflection. In these cases the relatively greater right ven- 
tricular hypertrophy causes a displacement of the septum and adjacent 
inferior portions upward and to the left, and the heart often rotates 
around its long axis so that the left ventricle lies more posteriorly, 
with the right ventricle forming almost the entire anterior cardiac 
surface. In advanced mitral stenosis this alteration of relations is 
particular^' noticeable. The rotation and displacement of the septum 
and adjoining apical regions ni^ward and to the left thus approxi- 
mately corresponds to the direction of the early electrical axes cal- 
culated from the positive deflection in Lead I and the negative deflec- 
tion in Lead III (Fig. oB). This alteration, particularly marked on 
post-mortem examination of several hearts with congenital p^jlmonie 
stenosis, may exiflain the large Qg recorded i)i their electrocardio- 
grams. In children and .young adults with advanced rheumatic mitral 
and aortic lesions producing liypei’tropli.y of both chambers, a similar 
displacement of the lower part of the septum is frequently present. 
However, some of these eases record electi'oeardiograms of left axis 
deviation due probably to the later excitatory preponderance of tlie 
lateral wall of the left ventricle. Hence the large Q.„ recorded in ad- 
vanced I’heumatic heart disease, may be due to considerable septal 
displacement and therefore does not necessarily indicate any aberration 
iu ventricular excitation such as occurs with myocardial intaretion. 

Pardee- observed that a large Q.» occasionall.v ensues from the dis- 
placement of the heart upward and to the left because of elevation ol 
the diapihragm during deep exj^iration and at times even during })icg- 
naney. Rotation of the eaifly and later electrical axes upward and to 
the left occurs and is sometimes represented by the large Q,- 'F'*- 
alteration of the deflections with respiration is usually most niarkei 
in Lead III, for the electrical axes are most frequently direcled ap- 
proximately perpendicular to the line of this lead and conscqueid } 
their projections on this Hue, representing the Lead Til defiectimis 
show the greatest variation. Eiuthoven® was the first to explain tins 
phenomenon. The influence of deep expiration must there! ore at' 
considered before interpreting electrocardiograms with a large kj- 
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Our interpretation of the presence of a large Qs secondary to myo- 
cardial infarction is based on a minor aberration in ventricular activa- 
tion. Assuming that the sepUnn is so injured that the descending 
divisions to the left apex arc principally involved, then the downward 
directed potential differences ordinarily generated by excitation at 
the medial part of the left apex are no longer recorded during the 
early period of the QRS deflection. Accordingly, the remaining up- 
ward directed potential dilferenccs in Ibis period are no longer neu- 
tralized, and the electrical axes of the early intervals incline more defi- 
nitely upward and with greater iiotential values. This is rejiresented 
in the electrocardiogram by a pimmiiumt early negative deflection in 
the two semivertical leads (Leads II and 111) (Fig. bZ)). Because of 
the 1 ‘ieh intraA'cntricular anastomoses of the so-called Purkinje net- 
work, the excitation of the apex is only slightly delayed. Pronounced 
widening of the QKS interval is not jirodnced. for, despite this delay, 
the excitation of the apex probably occurs within the time required 
for complete excitation of the more distant basilar portions of the 


ventricles. 

The above explanation pertains to the large Q„ or recorded in 
the electrocardiogram with any ty])e of axis deviation. Left axis 
deviation records of myocardial infarction, in particular, frequently 
present in Lead III a very large Q due to the fusion of the negative 
initial deflection with the negative main deflection. In such instances, 
the activation of the hypertrophied left ventricular musculature pro- 
duces gi’eatev imtential differences directed upward and toward the 
left, osiioeially during the later intervals. Hence both early and later 
axes incline upward as Avell as to the left and lie approximately par- 
allel to the line of Lead HI. 'With the electrical axes lying in this 
direction, is the lai-ger, although Q.^ is usually also present (Q,. is 
present in .10 of our 12 records of left axis deviation with a large Q^) 
(Pig. 5(7). 


The investigation of our pathological material and the slight evi- 
dence from the experimental work in dogs suggest that injury to the 
smaller divisions in the posterior portion of the septum is tmrticularlv 
responsible for the development of this characteristic Q-Avave. It is 
possible that the anterior subdivisions snjAply pi’incipally the ante- 
rior Avails AAdiere activation does not affect the standard electrocardio- 
gram significantl.v. 


SUMMARY 


(1) The frequency of the large Q-Avave Avas investigated in the elec- 
trocardiograms of 140 patients Avith various types of heart disease. A 
large Avas observed in the records obtained from 13 patients sus- 
pected of coronary artery disease, 3 patients A\dth advanced rheumatic 
Heart disease, and 2 patients with congenital pulmonic stenosis 
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(2) Tlie lecoids of an additional group of 35 cases which came to 
necropsy Avere examined and a large Qg Avas found in 17 of the 27 cases 
Avith CAddenee of myocardial infarction or fibrosis,- in the remaining 
8 cases in Avliicli there Avas no mjmcardial damage, none recorded a 
large Qg. 

(3) A correlation of the electrocardiograms Avith the patliological 
findings indicates that; 

a) The large Qg is the most frequent electrocardiographic sign of 
eoronarj^ artery disease during the chronic, period. 

b) The large Qg in myocardial infarction or fibrosis is probably due 
to involA^ement of the septum, jjarticularly in its posterior portion. 

(4) A theoretical interpretation of the production of the laVge Q is 
presented. 
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THE NATURE OF EXPERBIENTAL FLUTTER AND 
FIBRILLATION OF THE HEART'U 

W. A. Bkams, M.D., AND L. N. Katz, M.D. 
Chicago, III. 


argujient 


S EVERAL theories have been advanced to explain auricular and 
ventriculai’ fibi'illation. One of tbe earliest to be proposed u as by 
KroneekeF wbo suggested tbe existenee of a coordinating center in 
the interventricular septum of tbe heart. Puncture of this center was 
supposed to be followed by incoordination of myocardial contraction, 
manifested as fibrillation. iilacWilliam" showed that it was unneces- 
sary to assume tbe existence of such a center because he could produce 
fibrillation in an excised mass of muscle taken from a place at some 
distance from the supposed location of the center. MacWilliam sug- 
gested instead that fibrillation was due to a disturbed relation be- 
tween the refractory phase, which was shortened, and conduction time, 
which was prolonged. Tbe contraction wave in passing through the 
muscle mass thus encountered some muscle bundles which bad recov- 
ered before tbe others. These contracted earlier and resulted in 
incobrdinated myocardial activity. A somewhat similar theory was 
proposed by Wiuterberg-' who suggested that fibrillation was due to 
multiple foci, causing numerous simultaneous or nearly simultaneous 
local contractions and that these prevented a coordinated contraction 
of the chamber of the heart as a Avhole. This theory was sub.iected to 
experimental analysis by Rothberger and Wiuterberg' who recorded 
s.multaneously the local electrical and mechanical oscillations from 
two widely separated points of the fibrillating ventricle. It Avas found 
that these oscillations, from two different points, were rhythmic for 
short periods in some of the records. Such a relationship is difficult 
to correlate Avith actmty due to multiple foci acting independently 
at the same time and Rothberger and Winterberg'’ then iiroposed a 
modification of the theory. The modified theory supposes that both 
flutter and fibrillation are fonns of tachysystole due to impulses from 
one or more ectopic foci. It is emphasized that one such ectopic focus 
may be sufficient to pi'oduce this phenomenon. The gross apiDearance 
of a fib rillating or fluttering chamber is due to the great rapidity of 
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contraction which results in feeble individual eontractious. Tlie «u-eiil 
increase in rate of contraction is made possible in part by vagirs ac- 
tivity , resulting in a sliortening of the refractory phase. It is possible, 
experimentally, to increase the rate in fibrillation three- or fourfold 
by vagus stimulation, Samojloff.''- Heriug^ and Haberlamlt^ suggest 
that fibrillation is due to rapid stimuli issuing from the A-V node 
rather than from one or more ectopic foci anymhere in the auricles or 


ventricles, and Seherf® assumes that the sinus node may play a simi- 
lar role. 


The foregoing conception that fibrillation is a form of taehy.systole 
or coordinated I’apid contraction of the entire chamber is challenged 
by Garrey^" on the basis that the excitability is too low and the refrac- 
tory period, shortened as it maj’- be experimentally, is still too long to 
permit such rapid coordinated contractions. A more serious objection 
pointed out bj’- Garrey^® Avas that fibrillation stopped in a narrow strip 
of muscle cut out of a large fibrillatiug mass even if the strip were 
left attached at both ends to tlie main mass of fibrillatiug tissue. Tltis 
experiment is a strong argument against fibrillation being a coordi- 
nated contraction of an entire chamber. It is particularly contradic- 
tory to the assumption that the taehy.sy.stole is due to a single activat- 
ing focus, because slower AAmA^es were seen to pass along this bridge of 
muscle at times in one direction and at other times in a different 


direction. 

In contrast to the foi'egolug is the widely accepted “circus theory” 
as developed by Lewis and his coworkers and based on previous work 
reported by seA'-eral observers. Mayer,” in 1908, excised a ring of 
tissue from the bell of the large Medusa Cassipeia and by producing 
temporary block in one region caused a contraction wave to ciz'culate 
around this ring. Mines,” in 1913, cut a ring of muscle from tin* 
heart of a tortoise, including auricle and A’entricle, He produced a 
circulatiug waA'e in this specimen and zioted that a shortened refrac- 
toiy phase and prolonged conduction time were necessary lactors ui 
the production of such a circus mechanism. He suggested at that tiiuc 
that such a circus wave may be responsible for paroxysmal tachycaidta 
and fibrillation of the heart. He also demonstrated circus movemoiit 
izi the auricles of large rays and reported having observed such a 
preparation in Avliieh the circulating wave completed about fifty icao- 
Intions. Garrey’^ cut a Avide rizig of tissue from the fibrillatiug ahi 
tTiclc of a marine loggerhead turtle and observed that this A^ide im.- 
eontinued to fibrillate. By cutting this fibrillatiug ring so as to mnke 
it narroAver, fibinllation gave Avay to a circulating movement wine i 


Garrey called “circus motion.” 

The further development of the circus theory of fibrillation was 
then undertaken by LcAvis and his eoAvorkors and they have 
much experimental cA'idence as proof ot the assumption t lat 


BRAjMS and KATZ: FLUTTER AND 


FIBRILLATION OF HEART 


and fibrillation are due to a single, rapidly circulating, mother wave 
giving off centrifugal ivaves to the remainder of the chambers involved. 

Lewis, Feil and Stroud’^ induced experimental auricular flutter in 
animals’ and recorded the electrocardiographic phenomena by direct 
leads from the auricles. They determined that the direction of the 
excitation wave was independent of the point of electrical stimulation. 
They traced the course of the excitation wave in flutter and estab- 
lished its path over the surface of the right auricle and the exposed 
portion of the left. The remainder of the path was calculated. 

Ill a later publication Lewis^® describes the underlying mechanism 
as a single circulating central or mother ivave which traverses the 
same path constantly and which sends out centrifugal ivaves to the 
auricular museiilatiire not in contact with the mother wave. Impure 
flutter and auricular fibrillation are stated to be due to the same 
mechanism, except tliat the single, central mother wave and centrif- 
ugal waves are deviated from the original paths by local areas of 
block or areas of partial refractory state not yet completely recovered. 
It is emiihasized that there is only one central or mother wave in 
auricular fibrillation (LeAvis^®) Avhose location is usually such as to 
encircle the superior and inferior vena cava, regardless of the point 
at Avhich the electrical stimulus Avas applied. 

LcAvis, Driuy and Iliescu*^ studied clinical flutter in man by apply- 
ing chest leads in three different planes. The rotation of the electrical 
axis AAdth each auricular cycle Avas thus calculated and found to be 
360° in the three planes, thus apparently substantiating the exiieri- 
mental conclusions previously quoted. 

De Boer,^^ Avorking Avith frogs’ hearts, experimented Avith A^entricn- 
lar fibrillation after bleeding the animals. He, too, believes that the 
underlying mechanism is a circulating excitation AA'ave passing through 
the cardiac muscles in stages. 

The conception that a single mother circulating AvaA^e, usually lo- 
cated about the orifices of the tAvo venae cavae is responsible for 
auricular fibrillation is open to criticism. RothbergeH points out that 
Lends actually demonstrated an almost complete circus jmth in the 
auricle of onhj one animaL Calculations Avere substituted in the other 
experiments for those jiortions of the path Avhich could not be actually 
demonstrated. He further points out that the taenia terminalis is not 
m itself a closed anatomical ring, hence the Avave of excitation must 
leave it and then return to it in order to complete the circuit. The 
circus path is admittedly not along an anatomically distinct tract nor 
has block been demonstrated to exist to confine the path to such a 
niig. This is proved by the fact that centrifugal Avaves pass from the 
central mother wave to the rest of the auricular musculature. It is 
difficult to understand Avhy the mother path should remain so con- 



252 


THE A^MERICAH HEART JOURNAL 


fined to one ring-like area. Areas of partial refractoriness or of block 
are admitted to exist in tlie path of the central wave in auricular 
fibrillation, causing this central Avave to assume a sinuous patli. But 
why should the impulse always return to the same point of origin? 
In the ease of clinical flutter where the axis rotation was calculated to 
be 360° Avith each auricular cycle an objection may be raised that the 
electrocardiographic tracings from the chest leads probably included 
the effects from the centrifugal AA'aA'es as aa'cII as from the compara- 
tively narroAV central Avave. The results Avould then represent factors 
other than those from the narroAv single central Avave. Our experi- 
ments Avith direct leads, to be described later, sliOAved that impulses 
other than from the auricle maj’’ also be registered. 

Experiments performed by Seherff raise findher difficulties. This 
observer produced experimental flutter in dogs and then crushed the 
site AAdrere the central AvaA'^e usually circulates. Electrocardiograms 
taken after such crushing of the central circulating Avave should pro- 
duce changes in the electrocardiogram, but no such change occurred 
in 16 of 17 experiments. It is po.ssible, but not probable, that the patli 
of the central’ Avave Avas not included in the area crushed, hence the 
theory of LeAvis is not altogether disproved bj’’ these experiments. 

The explanation of fibrillation as proposed by Garrey’" differs radi- 
cally from any of the foregoing theories. This author believes tba< 
an impulse spreads in all diz’eetions in the auricles but that it may be 
limited or deflected bj' local areas of transient or permanent block. 
Relative differences betAveen excitability and conductiAuty in an area 
may act like areas of block. The areas of block may shift in location 
at times or remain or recur at the same points. Such areas of ob- 
struction Avould cause the impulse to assume circuitous paths and 
AAmuld act to break up the initial single impulse into scA^eral “daughter 
impulses, each shuttling and AveaAdng about among the areas of block. 
An area partly enclosed or protected by block from the stimulus af 
one instant may respond AA'hen an impulse reaches it from anothei 
direction or after the block has passed. Such an area may then be- 
come a center from Avhich furtlier impulses may shuttle about simu 
taneously and a circus moAmment obtains Avhen the impulse liappcus 
to return to the point of origin. Such a retizrn is not constant noi is 
it a fundamental factor in the mechanism, in the sense advocated 
LcAvis. 

Oux* experiments Avere planned to test the A'alidity of ceitain ea 
tures embodied in the various tlieories of fibrillation. Wo have scni 
that the existence of a single focus or a single mother ring A\hic i cei 
impulses to the remainder of the aurncle are important features oJ nv 
of the more AvidelA' accepted theories. It is true that Rothl)eit.er s < ■’ 

that one or several foci may be responsible for the tachy.sy.sfo]e Avh.cl. 



BRAJIS and KATZ: 


FLUTTER. AND FIBRILLATION OP HEART 


253 


he regards as the mechanism of fibi-illatioBS ; still he leaves the im- 
pression that he leans to the idea that one focns is the more likely 
caused® 

Nearly all authors, inclndiiig Lewis, believe tliat tlie nnderlying 
mechanism of anricnlar and ventricular fibrillation is the same. Our 
first undertaking was to determine whether one focus or one mother 
ring is the cause of fibrillation. We began working Avith ventricular 
fibrillation in the dog because it was easy to induce and because it Avas 
permanent. If it is true that one focus or one mother ring is respon- 
sible for the mechanism, then complete separation of the tivo Amn- 
tricles should result in disappearance of fibrillation from one chamber 
or at least in A^ery great modification of the electvoeardiograin as it 
appeared in the control taken before the separation of the ventricles. 

RESULTS 

Ventricular Fibrillation. — In order to determine this point, dogs Avere 
used under morphine-sodium baihitol anesthesia and artificial respira- 
tion. The thorax Avas Avidefy opened in order to expose the heart. The 
pericardium Avas opened longitudinally and its margins AA'ere fixed to 
the chest Avail on either side to form a cradle on Avhich the exposed 
heart rested. Tavo direct leads from nonpolarizable boot electrodes 
AA’-ere fastened to each ventricle and control tracings Avere taken. Yen- 
ti'ieular fibrillation Avas induced by a very short faradic stimulation of 
the base of the right ventricle and a sufficient length of time, usuall.y 
about one minute, AAms alloAved to pass in order to be certain that the 
fibrillation Avhich Avas grossly apparent Avas permanent and spontane- 
ous. Control tracings of each A'cntricle Avere taken in turn Avhen the 
fibrillating contractions had A'isibly reached a more or less constant 
. rate. The A’^entincles Avere then Amry cpiicklj' scA-ered from one another 
along the interventricular septum and in most instances the entire 
heart, including the auricles, Avas cut completely across. It Avas im- 
portant to Avork very quickly and to be certain that the tAVo frag- 
ments AAmre in the same relative position on the pericardial cradle as 
before the separation, in order to prevent artefacts due to natural 
sloAAung of the fibrillation rate or to change in position of the frag- 
ments. Electrograms AAmre then taken of each Amntricle in turn, after 
these foregoing precautions AA^ere carried out. 

It Avas apparent on gross inspection that both ventricles continued 
to fibrillate in about the same manner as before separation. This 
fibi'illation Avas grossly visible for several minutes. Comparison of the 
electrograms^ from both ventricles before and after separation in 
twelve experiments shoAved practically no change aside from a sloAving 
in rate (Pig. 1). The results of these experiments lead us to conclude 

lat a single mother ring or a single focus cannot be responsible for 
the mechanism of ventricular fibrillation in both ventricles. As a 
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further check, an experiment Avas performed in Avhich siimiltaneous 
electrograms of the tAvo A^entrieles AA^ere recorded (Fig. 2). The per- 
sistence of the fibrillation in the separated A^entricles is clearly shown, 
as is the gradual sloAving in the tAim sides. 

A.imcul(iT FibTilldtion . — We then embodied a similar principle in ex- 
periments designed to test the possibility that a single mother ring or 
a single focus is responsible for auricular flutter and fibrillation. Dogs 
prepared in the same Aimy as before Avere used. The direct leads 



Fie. 1. — Electroei’ams from right (R) and left (L) out. Xot'- 

of ventricular fibrillation after complete separation of 'Fo ViXt vohtrlclo taken 

in particular the approximate constancy of the two curves of the liglit Aontiica. 

before and after the cut. 


from the appendices of each auricle AA'ere made AA'ith nonpolaiiza 
hoot electrodes. In the early records one electrocardiog) aph 
and the records from the auricles Avere obtained alternatcl.A . 
tAAm electrocardiographs Avere used, each connected Avdii one ol t le f ii ^ 
leads of an auricle, and simultaneous tracings AA'cre taken ol 
Auricular flutter and fibrillation Avcre induced by short . 

lation, of variable frequency and strengtli, applied to the l ight . 
usualh' .inst above the inferior A'ena caA'a. As is uc v vniiiei-- 
longeti auricular fibrillation in the dog is not easy lo iiuluee. . 
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ous animals were used and no further manipulations were made until 
the auricles were wisibly flbrillating spontaneously at least twenh f n 
seconds after the faradie stimulus was removed A crushhwlm,! 

Ttill ue^s” rf “1 ®»«ation or flutter 

sM persisted and electrograms were taken from each auricle for some 


In the early records, such as shown in Fig. 3, the fibrillation of the 
auricles persisted after the crush, the rate of the /-waves being the 
same as before the erusli although their contour is altered slightly. The 

difference in rate of the /-waves on the two sides also persisted after the 
crush. 

Before proceeding with the actual analysis of the later electrograms 
obtained simultaneously from direct leads from both auricles, it will 



Fig-. 3. — Electrograms from riglit (R) and left (L) awriclos showJng pcr-ststenco of 
impure flutter after complete separation of two auricles by crusii. V, fleflcction caused 
by ventricle ; F, impure flutter waves. Note tlie difference in tlie rate of the flutter 
waves on the two sides wliich persists after crush. 


.be necessary to discuss certain possible artefacts and sources of error 
due to misinteri^retation of the resulting curves. 

The first of these is the possibility that the clamp did not reach clear 
across the auricles. The impulse from the right auricle could then 
reach the left by pursuing a circuitous course in the auricular 1 issue 
extending bejmnd the tips of the forceps. Such a technical error v’as 
prevented by appljdng the forceps from above toward the ventricles 
and by examining the position of both blades immediately after clamp- 
ing and after the experiment was finislied. "Wo thus assured ourselves 
that both blades of the forceps extended not only completely across 
the interauricular region but also included a large part or all of the 
ventricles both on the dorsal and ventral aspects of the heart. 

There was a further possibility that our crushing forceps were net 
strong enough to cause complete functional separation of the two 
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am'ieles. This was gaiarcled against, by using a large, heavy crashing 
forceps with long blades, such as is used by surgeons to crash bleed- 
ing thyroid tissue cn masse. Examination of the crushed region after 
removal of the clamps shoAved distinct tissue destruction, at times re- 
sulting in profuse hemorrhage from perforation Avhen the forceps Avere 
reinoAmd. Gross inspection of the auricles after application of the 
clamp shoAved incoordination of rhythm of the tAvm auricles, one cham- 
ber beating at a different rate from the otlier or one auricle eontinuing 
to beat Avhile the other Avas inactive. Electrographic evidence of such 
dissociation is seen in Fig. 5 in Avhich simultaneous electrograms taken 
from both auricles sIioays marked asynchronism and differences in rate. 

It AAms also necessary to consider the possibility that the severe 
trauma caused b.y crushing could by itself induce auricular flutter or 
fibrillation and that the site of in.iury could then act as a focus from 



Fis:- 4. — Simultaneous electrograms from right (R) and loft (L) auricles showing 
persistence of impure flutter after complete separation of two auricles by crush. The 
string of the electrocardiograph recording the curve from the left is much more sensi- 
tive than that from the right. 


AAdiicli impulses could floAv to botli auricles. We tried many times to 
produce flutter or fibrillation by clamping and crushing various parts 
of both auricles during sinus rhythm but Avere consistently unsuccess- 
ful. In fact, all activity, both regular rhythm and fibrillation, Avould 
cease if the portion clamped off Avere small enough. This change Avas 
also corroborated electrocardiographically. 


In the analysis of the electrograms it Avas necessary to bear in mind 
that the^ various complexes obtained from direct leads to the auricle 
would differ greatly from the corresponding complexes obtained Avith 
indirect leads from the extremities. It urns necessary to determine 
lOAv much the ventricles contributed to the electrograms taken directly 
rom the auricles. Such a precaution is very important as previously 
pomted out in discussing the Avork of LeAvis, both in the experimental 
animal and in his calculations in human auricular flutter. Direct 
leads from each auricle were therefore taken simultaneously with an 
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indirect lead (Lead II). It was foniid by comparing the cm’Yes from 
sncli simultaneous direct and indirect leads that the ventricles often 
■produced distinct deflections in the record of the direct leads of the 
auricles. This was shown when stimulation of the left vagus produced 
partial A-V block Avith dropped ventricular complexes, thus clearly 
separating the ventricular from the auricular complexes. 

Heart-block ivas produced before starting the experiment in order 
clearly to distinguish the /-Avaves of the indueed flutter and fibrillation 
from components due to the A^entricles. For this purpose the region of 
the biuidle of His Avas crushed. We found that this procedure produced 
a temporaiy marked sloAA’'ing of the Amntricle. The Amntricular rate 
then gradually became more rapid. The crush tended to exaggerate 
the ventricular complexes and make them monophasic so that they 
Avere more easily distinguishable. 

The curves of Fig. 4 sIioav the simultaneous records of the Iavo auricles 
in such an experiment after the fibrillation had been induced. In the 
electrogram from the right auricle (segment on right) the large mono- 
phasic ventricular complexes can be recognized ; they occur regularly 
at a rate of 50 per minute. The smaller monophasic /-AAmves occurring 
at the rate of about 300 per minute can also be readily seen. The 
electrogram from the left auricle, in AA'^hich the string Avas more sensi- 
tHe than the right, shoAvs no eAudence of the ventricular activity. The 
large deflections are the /-Avaves Avhich correspond in rate to those on 
the right side. 

The loAver eui'ves sIioav the simultaneous records obtained after a 
complete separation of the tAvo auricles by use of the crushing clamp. 
The ventricular deflections seen in the record on the lou’-er right are 
smaller and faster in rate, the f-^\a\es have not changed in rate but 
haA'^e a different contour probably because of the ncAA"^ injury currents. 
The contour of the /-Avaves in the left auricle has also been altered for a 
similar reason. 

We are forced to conclude, therefore, that the rapid oscillations in 
•both electrograms, representing f-vraves of impure auricular flutter, 
■persist after crushing. We came to tlie same conclusion in seA^en other 
experiments conducted in the same manner except that the bundle of 
His AA as not alAA’ays crushed before fibrillation or flutter AA’^as induced. 

If a single focus oi- single mother ring, located in an auricle, be 
responsible for auricular flutter and fibrillation in the intact heart, 
then functional separation of the tAAm auricles should result in cessa- 
tion of this condition in the auricle Avhich is not the site of this im- 
pulse formation. Such a functional separation, if complete, as it Avas 
m our experiments, should prevent the propagation of impulses from 
tlie focus in one auricle to the other. Such was not the ease Flutter 
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and fibrillation continued at about the same rate in botli auricles after 
suck functional separation and tke /-waves derived by direct leads 
from botli auricles simultaneously were only slightly elianged in rate. 

It is a remote possibility that the mother ring or single focus was 
suMcieutly extensive so that the crush halved it with consequent small 
effect. It is difficult to conceive that the ring or focus should always 
be in the same place, namely, Avhere the auricles were crushed. Tliis 
is especially unlikely as the crushing forceps were not always applied 
exactly in the same place or plane. Nor would this explain the slight 
change in rate of the /-Avaves after crushing. Destruction or modifica- 
tion of the ring or focus should result in a greatlj’" altered electrogram. 
We have alread}^ given our reasons for belicAung that the trauma from 
cimshing did not, in itself, induce flutter or fibrillation in one or both 
auricles. 

CONCLUSION 

The conclusion is forced upon us that more than one center or ring 
must be responsible for auricular flutter or fibrillation. Whether such 
centers are multiple from the beginning or whether they result from 
breaking up of an initial impulse into several daughter impulses Avhich 
shuttle and Aveave about in both auricles cannot be determined from 
these experiments. Onr experiments do, hoAvever, exclude the possi- 
bility that only one focus or a single mother ring is responsible for 
the maintenance of these conditions in the intact lieart. 

The experiments Avith ventricular fibrillation are even more con- 
Auueing because the ventricles Avere completely separated from one 
another by cutting. In some instances the entire heart, including the 
auricles, Avas cut across along tlie interventricidar septum thus ex- 
cluding anj* possibility that impulses Avere being conducted from one 
separated Amntriele to the other by Avay of cardiac tissue. The electro- 
grams from eaeh A^entricle after such separation Avere practically the 
same as before in eA’ery experiment. The tAvo hahms of the heart could 
be seen ou gross inspection to fibrillate after cutting. The only change 
to deA'clo}) was a gradual sloAA'ing in each side but this occurred at 
about the same rate as Avhen the heart AA’as not cut. These experi- 
ments are incompatible AAUth the vicAV that A’entricular fibrillation in 
the intact heart is due to a single focus or ring acting as a source foi 
the fibrillary movement. 

While our experiments clearly sIioaa’ that a single foens or mothci 
ring cannot iiossibly be the cause of flutter or fibrillation of the lieait 
and that onr results are compatible Avith tlie idea that several foci 
are at work, it must not be construed tliat our Avork proves fiie cor- 
rectness of the latter vicAv. On the contrary, we feel that mncli work 
remains to be done in order to explain the actual fundamental meeJm- 
nism responsible for this condition. 
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HKSUMK 

1. Tlio various tiioorios which iiavo be(Mi olVcrcd 1o explain flnltei- 
and fibrillation of the heart and the ar^nmcnts pro and ron Tor each 
are presented. 

2. A series ol' experiments were desifrued to test, the validity ol the 
various thoorie.s. Flutter and fil)rillation was induced in the auricles 
in one series and ventricular fibrillation in another, (.'ontrol electro- 
grams with direct leads, using nonpolarizable boot electrodes, were 
recorded from both auricles or from i)o1h ventricles. In most cases 
the records were taken simultaneously, ('omi^lete functional or actual 
scpai'ation of one auricle or ventricle from the other was then ])er- 
formed and the electrograms from tuich were again recorded. The 
curves show definitel.v that flutter or fibrillation still continues in each 
separated chamber, ('oinparlson of the electrograms before and after 
such sejiaration shows very little change in the rate of the /-waves. 

3. Such results are obviously incom])atibh' with any theory that 
fliitter or fd)rillatiou in the heart is due to a single focus or a single 
circus ring sending centrifugal waves into the other auricle. 

4. Our experiments are not incompatible with tin* tlu'ory that the 
impulse becomes broken u]) into several daughter rings or waves which 
shuttle and weave about the myocardium. Xor are our results incom- 
patible tvith the eonceptiou that multii>le foci ma.v be responsible. It 
is emphasized, however, that we offer no proof of the correctness of 
either of these views. On the contra rv, we feel that further work is 
ncees.sary in this direction. 
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CONGENITAL HEART DISEASE 

A Clinical and Pathological Study op Two Cases of Tkuxcus 
SOLITARIUS AoRTICUS (PULMONARY AtreSIa)’^ 

M. A. Kugel, M.D. 

New Tore, N. Y. 

^ONGENITALLY anomalous hearts with a single arterial trunk 
are not common. These anomalies can he divided into the follow- 
ing groups: (1) true persistent trunens arteriosus; (2) truncus solita- 
rius, piilmonalis ; (3) truncus solitarius aorticus. 

The first group, persistent trunens arteriosus, is the least freejnent 
of the three. Feller/ in a critical review of the eases • x*epoi’ted a.s 
truncus communis, could find onty a fexv authentic instances. This 
abnormality is due to the persistence of the primitive arterial trunk 
which remains undivided. Here one sliould expect four cusps to he 
present. Cases with a persistence of four well-formed semilunar cusps 
are exti'emely rare (Abbott,® Pellei*^). By means of localization of the 
ostiae of the coronary arteries and the finding of evidences of fusion 
of two cusps, Feller was able to determine the previous presence of 
the four valve cusps in those eases of true persistent tnmeiis in his 
series where apparently only three were present. The presence of four 
well-formed cusps associated with a single arterial trunk is usually 
positive proof of an undmded primitive arterial trunk (Abbott") • 
Nevertheless one occasionally observes instances of a persistent truncus 
arteriosus with only three semilunar cusps (Abbott®). . • . - 

More frequently’’, however,- one finds that many of the cases wrongly 
reported as true persistent truncus arteriosus, are in reality cases m 
which there has been a complete division between the aorta and pul- 
monary artery, a truncus solitarius aorticus or pulmonalis existing. 
Due to some congenital malposition of the aortic septum one of the 
vessels is narrowed and fails to grow normally. This vessel, if oblit- 
erated at its orifice, may undergo a complete 'atresia so that one usu- 
ally finds a small remnant of the original vessel or even an atresic coul 
(Abbott®). The remaining vessel, aorta or pulmonary artery, dilates. 

Atresia of the aorta is much less frequent than that of the pulmo- 
nary artery (Abbott,® Shapiro’‘). In the cases of atresia of the aorta 
(fnenens solitarius pulmonalis) the pulmonary artery enlarges and the 
sinuses of Valsalva of the enlarged puhnonai-y artery arc free of coro- 
nary arteries. The coronary arteries arise from the aortic arch oi 
vestige of the aorta. A complete description and review of the Idera- 

•Prom the Lal)oratorie.s of Uie Mount Sinai Ho.^pltal. New York CUy. AW<vl h.t -a 
grant from the Lucius N. LlUaiier Foundation. 

262 


KUCJKr;; CONOKNITAIi IIKAKT niSKASli: 


203 


tiu'e of this anomaly can he fonnd in the classical monograph of 
Abbott and also in a recent paper by Shapiro. 

The third gron]i, (ntiivun soliiarius aorliciis, which is dne to an atre- 
sia of the pulmonary arlery, is the most, frecinent ol. the three. The 
aorta dilates while the pulmonary artery undergoes progressive atre- 
sia. The pulmonary circulation is usually maintained through a widely 
patent ductus arteriosus, or in some instances, via branches directly 
from the aorta. This anomaly has been reported by many observers 
(IMonckberg,'’ Dickson and Fraser,’’ Wheeler and Abbott,” and 
others). Abbott collected 31 cases of this congenital abnormality. 
Two more eases of atresia of the pulmonary artery recently observed 
at the ‘\Iount Sinai Hospital are added to this group because of the 
unusual associated anomalies jiresenl. 


CASi: Kiel 'OUTS 

Case T. — Couacintnl atvosci of il>c orifu-c of tlic pulmonary artery, with closed 
iiitcrvcntriculnr sci'tuin, .absenee of lriciisi)id v.alve, apl.’isia and aneurysmal dilata- 
tion of the the right ventricle, jiatout foramen ovale and jtatonl dnetus arteriosus: 
tnracus aorlicus solitari»is; single coronary artery; nonroblastojna of adrenal gland 
with mctastascs to tbc liver. 

CM.NU’AI. inSTOKY 


11. G., aged si.v montbs. .Admitted January 19, Itbll. Died .lammry 22, 1931. 

Chief Complaint: Infection of vulva of one week’s duration. 

Famihj Historp: Patlicr and inotbcr well. 

Pfl.sf Tlistort/: Pall term baby, weighed seven ])onnds, Ibree ounces at hirlli. 
The child had never been ill c.Ncept for tbc fact lliat the cyanosis and dyspnea 
which were noted at. birth had become definitely increased in tbc hast two montbs. 

Physical Examination : AVell-devcloiied female cbild who aiipcaired markedly 
cyanosed. The breatbing w.as ra]iid. Tlie bead appeared small, measuring 40 cm. 
Iho chest was round and rather iiroininent. Both sides were symmetrical. There 
was definite cyanosis and elulibing of both fingers and toes. The licart was en- 
larged to percussion both to right and left. There was a marked rough sy.stolic 
unmmir heard best over tbc second intcr.spacc on the loft side transmitted toward 
the apex. The rate was rajiid and the rhythm regular. Dr. S. Karclitz noted 
that the systolic niurnuir had a peculiar resonant quality, almost like that heard in 
an aneurysm. It was his impression at that time that there was a congenital 
heart disease with pulmonic stenosis, tremendous culargemcut, especially of the 
light heart, and most likely other eardi.-ie ;momalics. Tlic liver was palpable one 
and a half fmgerbreadths below tbc costal margin. The child remained in the 
lospital for three days and succumbed to an erysipelas of tbc vulva. 


Blood count: — 

R.B.C. 

W.B.C. 

P olymorphouuckiws 

Monocytes 

Lympliocytes 


5,300,000 

15,000 

52 per cent 
3 per cent 
45 per cent 


of 20, 1931 (M. L. Sussman, M.D.) : Examiiiiition 

lest showed no abnormality in the lungs. The heart was markedly en- 
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larged. Tlie enlargement Avas general but particularly upward and. to tlic riglit, 
in wlucli region it assumed a globular appearance; tlie upper margin of the 
cardiac sIiadoAV reaching Aveil up to the second rib posteriorly. The eardiophreuie 
angle on this side Avas perfectly clear. On the left side tlie cardiac contour ap- 
peared to consist of tAA'o curA’es, the point of union being suggestiA'c of tiic junction 
of tAvo chambers. (Fig. 1.) 

The findings Avere extremely atypical, the enlargement upAvard and to the right 
being of the appearance often seen Avith extreihe enlargement of the left auricle. 
The general configuration, however, Avas very strongly suggestive of a congenital 
heart lesion. Heart measurements Avere: MI 4.3; Mr 5.7; T 10.0; Chest 14 cm. 
Film, taken at 40 inches. 



Pig. 1. — Roentgen ray appearance of chest. (Case I.) 


Autopsy (Performed by Dr. P. Klemperer). — The body Avas that of a six inontis 
infant, Avell deA'eloped, aa’cII nourished and in incomplete rigor mortis. Tiiorc na.s a 
mottled purplish area of discoloration about the size of a tAA’cnty-five cent piece oi 
the right side of the vulva. 

Tyiings: Grossly normal. 

Heart: The heart* presented extcrnall 3 - a very unusual appearance. Ihc 

region usually occupied by the right ventricle Avas totally collapsed and ^ 

appearance of a cyst Avhich Avas separated from a smaller mulfilocular . ‘ 

latter formed the apex of the right A-cntrielc and had scA-cral commiimeations a\i 
the main cavity of the right ventricle (Fig. 2). 

The heart measured 4.5 cm. in diameter at its base. Tlic pericardium nm 
smooth and glistening. At the base of the heart there Avas only one large ve.-- 

•The specimens Avere parafflnlzcG by the mcthoiT dc.«cribe(l by Gtoss ami L-i 
Tilts facilitated the study of the specimens. 
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seemed io anso fro.n the loft ventricle. 
large. Its cavity vas about the size of the dilated r.gbt vcutnclc. The ] ^ ^ 

rlbt auricle vi.s bvpcrtropbied, nmasuring 0.2 cn. The muscuh pec t.natr ve.e 
u-cll developed. The superior and inferior venae cavac entered the ngbt aunelc in 
their usual position. Instead of the tricuspid leaflets one found only " 
at the site of the auriculo-ventricular sulcus in its internal aspect. Ihc t.icuspul 
valve, chordae tendineae, and papillary muscles ivere completely lacking. T be cjst 
seen externally was in reality a dilated right ventricle whose wall was extrtmclj 
thin, measuring roughly O.Od cm. 

In attempting to trace the circulation from the right ventricle upward, it was 
found that there was no opening from the ventricle either into a pulmonary artery 
or aorta and that there was no defect anywhere along the interventricular septum 
(Fig. 3). The foramen ovale, however, was widely patent. 



Pig. 2-A. Pig. 2-n. 

Pig. 2. A and B. riiotogi apli oO parafflnized licart, willi diagram showing rela- 
tionsliip of aorta to pulmonary artery. Key to Fig. 2, A and B : A, aorta. ; B, ntresic 
pulmonary artery ; C, patent ductus arteriosus ; D, left pulmonary ai'tery ; E, right 
Pulmonary artery ; P, cross section of aorta neai’ origin ; Gf-, single coronary artery ; 
H, cross section of atresic pulmonary artery near origin; R.A., right auricle; L.A., 
left auricle ; L.V., left ventricle ; R.V., riglit ventricle. 


The left auricle was very small in size, the transverse diameter of its cavity being 
less than one centimeter as compared to 3.2!) cm. of the right. The left auricle 
received pulmonary veins from both lungs. The mitral ring was small but the 
mitral cusps, chordae tendineae, and papillary muscles were Avell developed. The 
wall of the left ventricle, as well as that of the interventricular septum measured 
0.4 cm. in thickness. Arising in its usual position from the left ventricle there 
was one large vessel (aorta) with three cusps; one right anterior, one left anterior, 
and one posterior. A coronary artery arose in the sinus of the cusp situated to 
the left (Fig. 2-B). This coronary vessel seemed to be the only artery supplying 
the heart. At the under surface of the arch the aorta gave off one vessel (patent 
ductus arteriosus) which branched three ways, one branch going to the left lung 
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another branch going posteriorly to the right lung, and a third branch coursing 
downward and terminating anteriorly to the right of the aorta at its base. On 
cross section this vessel was the pulmonary artery which had undergone atresia 
with a complete obliteration at its base. Arising in the usual fashion from the 
arch of the aorta were the innominate, left common carotid, and subclavian arteries. 



if -f iiGfirt, 

mntricular septum. of the posterior portion , 0 ^ ‘5f',„rven- 

Fig.3-B.— Pliotogi:apli ^ A ami B: A. aorta: ‘ risht 

n-idclv patent foramen ovale. B^whlSv patent foramen o\ ale, / 

Tho course of circulotlou i” Wo ‘ill ” 1-'' 

through the auricular septal defect m passc< 
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patent ductus arteriosus into l)otli pulinoiiary arteries supplying tlic lungs. The 
right auricle and left ventricle apparently carried on the main burden of the. 
circulation. Tlic right ventricle was a blind pochet. 


M 1 CUOSCOri OA Ii .SKCl'lO N'.S 


Henri.— Left Ventricle and Eight Auricle.— The muscle libers were well formed, 
and the nuclei were prominent. There was no evidence of scarring or inflam- 
mation. The coronary arteries .and branches were normal. 

Auriculo-vcntricular Sulcus (Eight).— A section taken through the ndge where 
the tricuspid valves normally arise showed a thickened fibrous layer arising at the 
point where the right auricle meets the right ventricle. The fibrous layer pro- 
jects for a short distance whore it was covered by the endocardium. There were 
no evidences of inflammation. In the pericardium of the auriculo-vontricular 
sulcus a largo coronary artery was seen. 

Eight Ventricle. — The musculature of the right ventricle was eomjircssed be- 
tween a thickened and elasticized endocardium and the thickened fibrous visceral 
pericardium. The greater portion of the wall of the right ventricle was fibrous 
and elasticized, with little or no musculature present. 

Adrenal Gland . — Examination of the left adrenal gland rcve.'iled that it was 
enl.arged to the size of a walnut and measured 3.i) by .1.0 by .l.e cm. The medial 
border of the tumor-like enlargement of flic gland presented a thin margin of 
normal appearing adrenal tissue. Section of the gland revealed a walnut-sized 
tumor mass occupying the entire medullary space. It presented a mottled grayish- 
pink and dark red color, rather firm in consistency with a few yellow areas 
(possibly necrotic tissue). Tlic medial edge, ns 1ms been staled, was composed of 
normal appearing adrenal tissue, cspcci.ally cortex. The cortical tissue entirely 
surrounded the tumor but in the distal portions was very much thinned out, ap- 
pearing like a ball surrounded by a cover with a dense accumulation of the cover- 
ing .at one end. The right adrenal gland presented no abnormal findings. Weight, 
20 grams. 

Liver . — The liver was somewhat enlarged, especially the right lobe. On the 
surf. ace of the liver a few small pearly gr.ayish-pink dejiresscd areas, varying in 
size from 2 to 8 mm. could be seen. Cross section revealed a number of these 


nodules scattered in the liver parenchyma, a few being superficial. Tlic right lobe 
presented a dilTuscly fatty appearance, parboiled, and glas.sy. Tlic left lobe of the 
liver also showed a few metastatic nodules but the liver p.arencliym.a was dark 
red and the normal architecture was very indistinct because of tlic marked con- 


gestion. The hepatic artery, portal vein, and hepatic veins were negative. The 
gall bladder and bile ducts presented no abnormal findings. 

Kidneys . — The left kidney showed normal fetal markings. Cut section re- 
roaled only congested parenchyma. The renal artery and vein showed no .ab- 
normalities. Tlie superior surface of the kidney had been flattened by tlic left 
adrenal tumor mass. The right kidney was found at tlio brim of the pelvis 
anterior to the aorta. A single right renal artery could not be found. "Main 

ranches from both the right and left common iliac artery were seen entering the 

’1 noy, tliat from tlic right entered the anterior surface of the kidnc 3 ’ after 

coursiTig down the posterior surface and entering the hilus which was on the 

a eral boidei of the kidnej’. Tho br.nnch from the left common iliac arterj’- en- 

ered directly into the renal substance on its posterior surface in its midportion, 
le right ureter entered the kidney on the lateral surface somewhat .anteriorly 

common iliac artery. Except for its 
on circulation, tho kidney appeared normal both on its surface and 

vena '""'ter the inferior 

ena cava at a somewhat lower level. 



268 


THE AMEEICAN HEART JOURNAL 


(1) Congeiiitarinalformation of the lieart; (2) atresia of the pul- 
monarj artery at its moutli witliout interventricular septal defect; (3) aplasia and 
marked dilatation of the right ventricle; (4) patent foramen ovale; (5) absence of 
tricuspid v^ve and its chordae tendineae and papillary muscles; (6) truneus sol- 
itarius aorticus; (7) patent duetus arteriosus; (8) single coronary artery. 

Neuroblastoma (left adrenal gland) ivith metastases to liver; chronic passive 
congestion of liver, spleen, and kidneys; degeneration of liver, and erysipelas of 
right vulva (clinically). 

Case II. Congenital atresia of the orifice of the pulmonary artery, truneus 
aorticus solitarius (patent duetus arteriosus), interventricular septal defect. Single 
coronary artery. 

CIJNICAI. HISTORY 


L. S., aged three months. First Admission: February 28, 1930. Dismissed: 
June 9, 1930. 

Chief Complaint: Cough and fever. 

Family History: Entirely negative. 

Past History: Child of three months, ivith a history of cyanosis since birth. 
Both history and development of the child n-ere normal. 

Physical Examination-: The outstanding feature was cyanosis of the Ups and 
extremities, which was marked when the child cried or strained. There was distinct 
clubbing of the fingers. There was no dyspnea or edema. Tim liver was felt one 
finger below the costal margin. Examination of the chest showed dullness in the 
E. U. L. with some higher pitclied breathing but no rales. The cyanosis was 
thought to be due to a congenital cardiac lesion and an- atelectasis of tiic lungs. 
The lieart did not appear enlarged on percussion. It was regular and no murmurs 
were heard. 


Blood : 

Hgb 

E.B.C. 

W.B.C. 

PoljTnorphonuclears 

Lymphocytes 

Monocytes 

Eosinophiles 

Basophiles 


88 per cent 
5,600,000 
8,700 

46 per cent 
44 per cent 
G per cent 
2 per cent 
2 per cent 


Wassermanns of mother, father, and child were negative. 

Second Admission: January 26, 1931. Died: January 27, 1931. 

The child was perfectly well until three days before its second admission (at t le 
age of ten months) ivlien it developed cough, fever, dyspnea, and increased ejanosu, 
and succumbed the folloiving day to a bronchopnciinionin. 

X-ray examination and fluoroscopy', as ivcll as physical examination conflrmc 
the impression that one was dealing ivith a congenital heart condition. 

Autopsy (Performed by Dr. P. Klemperer) . — Body was that of a well-devc opc( 
infant with marked cyanosis and clubbing of finger tips. 

Ahdcrjncn: >Situs viscerum normal. No ascites present. ^ 

Thorax: There was a moderate beading of ribs. A section of a costochoiuj-i^ 
junction showed irregular line of bone formation extending into the cartilage wi > 
a widened zone of ossification. The pleural cavities were free. Tlic lungs cx 
ternally showed congestion of R. U. L- and E. L, L., with increased firninc. . 

texture. fricle. 

Heart: The heart was globular and its apex was made up of the left icn ■ 

The pericardium was smooth and glistening. Externally, there seemed to ic on. 
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ow lurne vo.s.moI J.t tin- huso of tl..‘ TUo wi.lfh r.f tl,.« hcn.t at flio w.s 

4 <'m. : froD) llic base ti> tUo njicx tlic ln'!trt .)..i fin. (I'ij;. -I.) 

On'sngillal Mvltim tin- lioart Initl fi>ur fltnml.frs. Tlif ri(;li) iiuriflf rfffivnil llif 
Miporior niul inferior voiiuo fiivno in tJu> in-imJ sites. The riKlit nuriflo niul tn- 
ciiKjiid v.nlve ]>rfsfntf(l no .•ibnorniiiHtif’i. Tlif rijjlit vi-iitrif nlnr mvity wns sninllor 
llitin (he left. The real! ihifhmss jmiiKured 0.4 ftn. Tliere was ii ilelVet 0..' ein. in 
(liaiiioter in (he ini r:i vent rii-nlar .se|.lnni n( its nnterior .siijierior nsiiect just below 
(he origin of the aorta { Fij:. •'-.I nnil /*’). The left anri.-le was sninller than the 
ripht and received jnilnionary veins from Imth hinus. The inleraurienlar septum 
was completely eh>s.-d. 'I'he mitral vahe, chordae lendineae, and papillary muscles 
were well developed. The mn>-cnl:ttnre of the left ventricle was compact. The wall 
measured 0.1 cm. 



i-.l. Klu. 

I, A and IJ. — I’lioloirrapl) of iiaraflliilaed to art (anterior view) with dlanram 
.mowing the rehition.^hln heiweeii norm nml jmlmonar.v artery. K<'y to Fin. 4. A alul 
m' ■/'< ,'Oresle pnlmonar.v artery ; C. pnt‘>nl (hietns arterlosn.s ; J), left pul- 

monary artery; A', riaht pnlmonar.v arti-ry; F, cross section of aorta near ortnln ; (», 
cioss section of atresle pulmonary artery near orlaln ; If, single coronary artery; 
ri(,lit auricle; L.A., left auricle; L.V., left ventricle; AM'., rlchl ventrlele. 

Jlidiap above and (o the rij;hl of the interveiitrieular .septal defect was the lart»e 
aortic trunk which had three cusps, one anterior ami Iwo jiosterior of oipuil size 
(T'i}'. 4-Jl). From (he sinus of A'als.alvn of the nuterior cusp was a large ojicniiig 
for the coronary artery. Tills was (he only coronary artery that could be found 
prising fioin any of the vc.sscls in or near the heart. 'I'his coronary vessel, tliere- 
orc, scorned to be the sole arterial supply to the heart. On the under .snrfaec of 
10 aorta near the arch there arose one sm.nll branch which went directly to the 
1‘iglit lung. On the left side there was another branch (iiatont duetus arteriosus) 
'' iich, shortly after leaving (ho aorta, gave rise to one vessel going upward and 
>ne waid to the left lung and another vessel which coursed downward and terminated 
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to tlie left of the aorta ahout 1 cm. from its bssp On 

vessel (atresie pulmonary artery) rvas seen to eua in a b M p.lr’u‘If '1'" 
pucWgs at its base suggestive of regressed or incompletely M 



Elg’. 5-A. — Photograph of sagittal section of anterior portion of heart 
single arterial trunk overriding an intei-ventricular septal defect. Note single coronai. 
orifice. 

Fig. 5-B. — Photograph of sagittal section of posterior portion of heart, showing 

interauricular septum. Key to Fig. 5, A and B: A, aorta; B, orifice of 
nary arterj'; O, interventrlcuiar septal defect; D, interventricuiar septum ; inn i* 
auricular septum; F, aortic valve cusps; L.A., left auricle; R.A., riglit auricle, ij- 
left ventricle ; It.Y., right ventricle. 


Tlie truncus showed evidence of incomplete rotation, in that the right coronary 
artery came off anteriorly* and the termination of the atresie portion of the 
pulmonary artery was situated more to the left. 

•Considered anatomically with reference to the heart and not witii refeienee tn 
the body. 
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The iimoimnatc avicvics, the loft common carotid artery, and the loft sub- 
clavian artery arose from the arch of the aorta, in tlieir usual position. 

jlcart . — (Microscopical sections.) Sections through myocardium showed no e\- 
idences of inflammation, or other pathological clianges. 

Inferior Fata Cava. — Negative. 

jr,>(;,._Somcwhat enlarged. The lower margin was thin. The surface was nor- 
mal. Section revealed marked loss of lobular markings, yellowish color and par- 
boiled appearance of parenchyma. The portal vein, hepatic artery, gall bladder, and 
bile ducts were all normal. 

Siflec)!.— Distinctly enlarged, firm, dark. The cut surface showed congestion with 
distinct enlargement of follicles, and did not scrape. A small accc.ssory siilecn was 
seen in the hilus. The splenic vein was normal. 

Kklnajs.— Fetal lobulations were distinct. The cut section revealed moderate 
congestion. The right renal artery was double immediately after its origin in the 
aorta. The left was normal. Ureters and bladder were normal. The urethra was 
long but free of anomaly. 

Adrenal Glands . — Normal in size. 

IJiytmus . — ^Not e.xccssivclj' enlarged. 

Gastrointestinal Tract.-r-’l'\\e esophagus and stomach were normal. The small 
intestine showed marked hyperplasia of lymphoid tissue throughout, including 
Pcycr’s patches and solitary follicles. The large intestine was essentially similar. 

Diagnosis. — (1) Congenital malformation of the heart; (2) atresia of the pul- 
monary artery; (3) truncus aorticus solitariiis; (4) patent ductus arteriosus; (5) 
subaortic interventricular septal defect; (G) single coronary artery. 

Bronchopneumonia It. U. L. and It. h. L.; acute bronchitis; chronic passive 
congestion of liver, spleen, -kidneys, gastrointestinal tract, and pancreas; degenera- 
tion of liver; follicular hyperplasia of small and large intestines and spleen; mild 
rickets; and accessory spleen. 


SUMMARY 

Atresia of the pulmonary artery is a relatively uncommon condi- 
tion. In the eases with a defect in the interventricular septum, the 
average duration of life is three and four-tenths years according to 
the statistics collected by Abbott- in a review of 24 cases. The maxi- 
imun age reached urns thirteen years. In our Case 2 the child lived 
iip to ten months.' Its death ivas hastened by a mild bronchitis and 
br onehopneumoni a . 

This anomaly is far more serious Avhen associated with a closed 
interventricular septum. Of the 7 cases collected by Abbott, the aver- 
age duration of life was t-welve -weeks, nuth a maximum age period 
of six months-. Our Case 1 lived six months -with symptoms of pro- 
gressive heart failure and increasing cyanosis and dyspnea, finally 
succumbing to an erysipelas. 

Clinically, both children wore cyanotic at birth. When admitted to 
the hospital, cyanosis, distinct clubbing of the fingers, and enlarge- 
ment of the liver were noted. These symptoms -were, however, more 
intense in Case 1, with the intact interventricular septum. Here, also, 
t e diagnosis of a congenital cardiac defect ivas aided by the extreme 
enlargement of the organ and by the presence of a rough systolic 
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murmur with a peculiar resonant quality suggestve of an ancnwsiu. 
heaid best over the second interspace on the left side and transuiitted 
to the apex. The x-ray film of the heart presented an nnnsnal ap- 
pearance, that of a lai-ge egg- oecnp.ying almost the entire chest wall 
(Fig. 1). The correlation of the x-ray findings -with the post-mortem 
findings showed the enlargement to be due to the aneurysm of the 
right ventricle and the dilated and hypertrophied right auricle. It 
was also jiossible to distinguish both ventricles on the x-raj' plate. 

In the ease with the defect in the interventricular septum no en- 
laigement of the heart Avas noted, neither were there any murmnrs 
heard. Zimmerman” recently reported a case of truncus arteriosus 
communis ivith an interventricular septal defect in a colored male of 
tiventy-fiAm years, the cause of Avhose death was an automobile acci- 
dent. Considered from the point of view of mechanics of circulation, 
Zimmerman’s ease is similar to our second ease in which the baby 
Ihmd to the age of ten months. A case reported by Wheeler and 
Abbott" of pulmonary atresia and other cardiac anomalies survived 
until the age of twenty -nine. 

The absence of one coronary in both cases is an unusual anomaly 
which is extremel}' rare in otherwise normal hearts. It is well known 
that one coronary artery can be an adequate source of blood supply 
to maintain intracardiae circulation, proAuded there are sufficient an- 
astomoses.^- This fact is Avell demonstrated by Case 2 in Avhich both 
ventricles Avei'e Avell developed. Microscopical examination of the 
myocardium shoAved no evidences of degeneration or scarring. 

The case Avith the closed interventricular septum and marked dila- 
tation of the aplastic right Awntricle Avith aplasia of the tricuspid 
AmlAws is puzzling. The most obAuous explanation as to the cause of 
the aj^lasia and dilatation of the right ventricle is a nutritional dis- 
turbance and the increased intraA-entricular pressure necessary to 
force blood into the left side of the heart. 

It is also possible that in this case the pulmonary artery Avas origi- 
nallj' patent though incompletely developed, Tlie right coronary 
artery may have had an abnormal origin from this vessel. With m- 
creasing stenosis of the pulmonary artery tAVO phenomena arose: 
namely, the right coronary supply became insufficient and the right 
ventricle had to overcome the pressure of the left lieart in order to 
force blood through the foramen oAmle. Possibly both of these Uictors 
led to the final aplasia and dilatation of the right ventricle. 

While it is impossible to find traces of tliis hypothetical right coro- 
nary artery in this ease, it is to be noted that a ea.se of aplasia of the 
right ventricle occurring Avith atresia of the pulmonary artery 
closed interA'entricular septum described by Abbott apparentlA pos 
sessed tivo eoronan- arteries arising from the aorta and, sccoiuH.a. 
cases Avith abnormal origin of one coronary artery from the pulmon.io 
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arteiy deseribod by Abrikossoft,” IIeiteraa...i ” Krimibbaai-,” Schley'” 
and Scholte^' showed evidences of myocardial degeneration ant ex- 
tensive fibrosis in the areas supplied by the misplaced coronary a^'^vy 
In the case described by Abrikossoff, aneurysmal dilatation of tiic 
left ventricle was associated with a misplaced coronary artery arising 


from the pulmonary artery. . • i i 

The association of cardiac anomalies with abnormalities elsewhere 
in the body has been frequently emphasized. Other anomalies were 
present in both of our cases. Of special interest, however, was the 
presence of a neuroblastoma of the adrenal gland with metastascs to 
the liver in Case 1, a child of six movihs. 


The author is indebted to Dr. I-ouis Gross and Dr. ^T.audc E. Abbott for tiioir 
advice and criticism, to Dr. Ecla Sehiek for tl>c use of clinical material, and to 
Dr. Leopold Jaehes for the use of the x-ray material. 
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PROLONGED PAROXYSMAL TACHYCARDIA 
Case REPonr^ 

B. E. Hamilton, M.D., and D. Hurwitz, M.D. 

Boston, Mass. ' ' ' ■ 

OASB REPORT 

M b., cobbler, aged fifty years, an Armenian, entered the Seeond Medical Service 
. of the Boston City Hospital on September 22, l.OSO. TJiC liistory was ob- 
tained Tvitli difficulty because the patient spoke, very little Englisli. ,11c had been 
in .good bealtli and bad worked continuously until two weeks before entrance. At 

this time, following a heavy meal, the .patient was- seized with cramp-like paiiis 

in the umbilical region, later rising to the epigastric region. Tlie pain lluctiiatcil 
in severity, but persisted. 

At entrance, the physical examination was unimportant, except that the palsc 
rate was 180 per minute. The rhythm was regular. The blood pressure was 9o/8.> 
millimeters of .mercury. The respirations were 28 per minute. A few crepitant 
rales were heard at both bases posteriorly. Slight tenderness was elicited in the 
epigastrium. An electrocardiogram taken September 22 showed paroxysmal tacij- 
cardia, probably anrieular in origin. The rate was 200 per minute. ' • : 

Though it was believed that the patient had had a coronary occlusion, no c'idcuce 
appeared to support this suspicion. There was no fever. The “ 

count at entrance was 10,500 per cubic millimeter of blood. Later,.it fell to , 
per cubic millimeter of blood. The paroxysmal tachycardia persisted for tbwty- n 
days. The only cliange in bis condition throughout the thirty-five days was S™ • 
increasing congestive failure until the liver was definitely engorge an ‘ 

tender; the rales at the lung bases increased, and a small tj,o 

fluid appeared at both bases. Curiously, there was more on the Ic . 

During the thirty-five days, he received the following 
sulphate, 30 grains each day for two days, was given first. 
heart. This was stopped because of nausea and vomiting. T - 
were given intravenously. The first dose was 9 grams. The J. ' ’ 

twentj-four hours later, was 10 grains. There was no ,,,, 

following day powdered digitalis, 9 grains, was given by J .„3 

repeated each day for three days. The dose rvas then jy. grains 

This was continued for eleven days. The dose was i - 

d,,%. TI,rougl..«t «.ls lime, tl.c pntient ii»s e.dc. co.c 

rate was coantea every lionr tlirougliont the ' Jj aaj> 

appreeiaMe effect from the aigil.hlie. The digitalis was ,l,.co.tte»ea 

the mornanro Momorl.i Morataj. »■! the Sccon.l «r,a Foerth Me"'” 
Services (Harvard) of the Boston City Ho.spital. 
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before the paroxysm ceased. Quinidine sulphalCj G grams m one dose, was gn on 
intravenously fourteen days after admission, two days after the dose of digitalis had 
been reduced to 41 /^ grains daily. The cardiac rate dropped from ^0 per minute 
to 150 per minute in five minutes and then returned to ISO per minute gradually 
in twenty minutes. Forty-eight hours before the paroxysm ceased, quinine hydro- 
chloride was given by mouth in 10-grain doses. An electrocardiogram taken after 
the first two or three doses showed a rate of 17C per minute, which was slighth 
lower than the average rate. After he had had a tot.al of 70 grains of quinine 
hydrochloride over a period of forty-eight hours, his heart suddenly resumed a 
normal rhythm with a rate of SO per minute. There was immedinto improvement in 



Piff. 1.— Sept. 22, 1930. Paroxysmal tachycardia, probably auricular Poto 9 nn 
= “-12 sec., slurred In all leads. T opKc main donec?ion 
n all leads. Right bundle-branch block (If tachycardia is auricular In orie-ln.) 


symptoms. During the next few weeks, his congestive failure cleared, and he 
was discharged in apparently good condition four and a half weeks after his 
return to normal cardiac rhythm. 

nnn?!i t ^^^er discharge, he was readmitted to the hospital 

} ill. Following his first discharge from the hospital, lie had been able to 

tLT symptoms until a few hours before his readmit- 

mouth was T'l p' temperature, by 
rZ Falmenlzeit. The pulse rate was 65 per minute The 

blood. He lived only six hours following admission to the hospital 
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Fost-moriem Examinaiion of Hear1.—T\\e weight was 360 gm. The organ was 
essentially normal in size. The epicardium was smooth hut showed slight dis- 
coloration over the posterior portion of the left ventricle. The myocardium was 
pale greyish red in color and was markedly scarred. Immediately helow the mitral 
ring, extending posteriorly as far as the interventricular septum, and iuferiorly 
as far as the apex, there was a pear-shaped area approximately 5 or C cm. in 
diameter where the myocardium was thinned, mottled yellowish grey in color, con- 
taining hyalin appearing hands; the thickness at this point was 0.7 cm. The 
valves were negative with the exception of slight atheroma of the aortic. The aorta 
immediately above showed marked thickening of the intima, with the formation 
of plaques and nodules some of which were yellow in color and appeared athero- 
matous ; others were bluish in color and hyalin in appearance, giving the appearance 



2.— Oct. 10, 1930. Paroxysmal tachycaraia, (if 

P-wave Lead IH. QRS = 0.12 sec. slurred m all leads. Right 
tachycardia is auricular in di'igrin). Ix>w amplitude (maximum 

of syphilis. The mouths of both coronaries were patent but "Tlic 

coronary at the level of the tricuspid valve showed almost 

vessel at tliis point was yellowish grey in color and ;.j 5 pn 

this point the lumen was patent but very nnrrowv The py 

of the left coronary about 2.o cm. from its point ^ Tlic cir- 

a red, soft thrombus; beyond, tlie vessel wall was tlnckenc J ,on,,,]etc 

cumflex branch of the left coronary 1 cm. from ite point of o ^ j,,y 

occlusion, from an old process. The healed infarcted area described 

During the patient’s stay in the was iindcr «ic 

E. H Ha^miltom D. Hurwitz, ind^^ 

trocardiograms were taken and 7 -)^ j -m vVoodall. 

The post-portem examination was made bj Dr. J. -u. 
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? m - ’n auricular. Bate 200 

impmucfe’^uKirn '('ir1achykarc?S.‘ is .au.^uTar'ln'TrKlnr,''’ W 
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COMMENT 

The important hndings are : 

1. Duration of paroxysmal tachycardia.--T\\ovig\\ it is Imown that 
paroxysmal tachycardia may continue indefinitely, a duration of more 
than a few days is rare and very few eases have been reported with a 
known duration of thirty-five days with recovery. The attack may 
have been present during the two weeks before admission, making a 
possible total of forty-nine days. 

2. The patient was not conscious of his tachycardia. He complained 
only of gasti'ointestinal disturbance. 

3. The paroxysmal taehymardia was probably associated with a 
coronary occlusion witli infarction. This was indicated by tlie sub- 
sequent post-mortem examination. There was no clinical evidence to 
confirm this diagnosis, except the unexplained paroxysmal tachycardia 
itself. The gastrointestinal discomfort might have been the result of 
the paroxysmal tachycardia alone. So far as is known, this is the 
first and only attack of paroxy’^smal tachycardia that the patient had. 

4. Digitalis and quinidine sulphate by mouth and digalen intra- 
venously were not followed by any appreciable change in rate. Quini- 
dine sulphate intravenously caused a reduction in rate for twenty 
minutes only. Quinine hydrochloride by mouth Avas accompanied by 
some slowing of rate and a return to normal rhythm. 
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SOME CARDINAL CIRCULATORY SYNDRO^MES^ 

Arthur M. Fi.shrkkg, 

New York, N. Y. 

P RIOR to the final decade of the past century, slowin',^ of blood flow 
was almost invariably attributed to cardiac weakness. Since then, 
studies on circulatory collapse in infeetious disea.se.s and traumatic shock 
have led to general recognition of the manifestations of circnlatory 
failure initiated in the peripheiy. There have also been attempts, 
especially in France, to differentiate the clinical pictures cliaracleriaing 
failure of the individual ventricles and auricles of the heart. The.sc 
teachings have not been widely adopted irt this country, and maiiy regard 
the distinctions as artificial. 

In the following pages, the attempt will be made to demonstrate the 
feasibility and the utility of differentiating individual types of cfirdiac 
failure, each with a characteristic clinical picture rc-sultiug from a well- 
defined aberration in the dynamics of the circulation. Together with 
the failures of peripheral genesis, tliese constitute what we may term 
the cardinal circulatory syndromes. Preliminary to discussion of these 
cardinal circulatory syndromes, it may be well to describe briefly some 
of the means by which the heart accommodates itself to increased work. 

To a large extent, the changes in the dynamics of the circulation in 
disease are merely exaggerations of the accomodative reactions in health. 


DILATATION OF THE HEART 

Older clinicians viewed dilatation of the heart as a passive process 
resulting from defective contractility or tonus of the myocardium. For 
several decades, however, the view has steadily gained ground that 
cardiac dilatation is a useful adaptation playing a fundamental part in 
the adjustment of the heart to increased work. Originallv reached on 
purely clinical grounds, this conception has accinired a sound founda- 
tion through experimental investigations of physiologists on the 
dynamics of the heart. 


27, l?li^ Graduate Fortnight of 
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_ These studies have shown that when either heightened arterial re- 
sistance or greater venous inflow increases the work of the heart, accom- 
modation to the greater load involves increase in diastolic volnme. 
Starling^ found that when arterial resistance is increased, the heart fails 
to empty as completely during the first beats, so that the residual hlood 
in the chamber at the end of systole is increased. Inasmuch as the 
venous inflow during diastole remains constant, the result is increased 
diastolic volume. However, as the diastolic volume mounts with suc- 
cessive beats, the output also rises until equilibrium is attained by out- 
put equalling inflow. There is a similar process of adaptation when the 
arterial resistance is constant but the venous inflow rises. In both cases, 
the adaptation to greater work accompanies larger diastolic volume of 
the heart, i.e., increase in the initial length of the muscle fibers. The 
mechanism by which this greater initial length of the muscle fiber causes 
it to contract more forcefully is in dispute. According to Starling,^ it 
is the greater length of the fiber as such that causes it to free more energy 
when shortening, while Frank- and others believe that the heightened 
initial te7isio7i of the fiber is the coefficient that results in the more 
powerful systole. 

■Whichever of these views is correct, it is significant for the clinician 
that the adaptation of the heart to increased work involves at least 
diastolic dilatation. The compensatory significance of the dilatation of 
the appropriate chambers of the heart in arterial hypertensibn, valvular 
defects, etc., thus becomes clear. 

Fz'om such compensatory dilatation, some investigators have en- 
deavored to differentiate another variety, in which the elongation of the 
muscle fibers is a passive stretching. The conception is that although the 
work confronting the heart is not increased, the muscle gives way as a 
result of diminished contractility or tonus resulting from niyoearditi.s, 
deficient blood supply, etc. This is the so-called myogenous dilatation. 
But even in such instances it would seem well to consider whether tlic 
dilatation is not to be mcAved as compensatory. For it may well be tliat 
a functionally damaged heart muscle can meet a given load onh bj 
dilating as would a healthy myocardium under conditions clemandiiig 
much more mechanical work. In other words, the diastolic Aolume o 
a chamber of the heart required to meet a given load varies mverseJy 
with the functional efficiency of the muscle. 

ElYPEKTROPHT op THE HEART 

Dilatation is thus a compensatory process. It is, however, oid.^ the 
first line of defense of a chamber of the heart when called upon 
increased work; after a longer or shorter time, dilatation i.s lem f>ic« 
by hA-pertrophy. That dilatation precedes hypertrophy is obvmus 
the large majority of instances, and is probably always the case. i ^ 
well illustrated in acute glomerulonephritis "with hypertension. » 
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omto- proportion o{ those evho suecralJ m the first nocks, most often 
io acute failure of the left ventricle vitlt pulmonary ^ 

ventricle is found dilated but not hypcrtroplncd. On the othu hand, 
wlien the duration of the disease is measured in months, liyperlropiij is 
almost ahvaYS present. Kindred observations have been inadc in ex- 
perimental valvular lesions. The intimate association of hypertrophy 
with dilatation is ivell brought out by the observations of Kirch, ^ ^dio 
found that both dilatation and hypertrophy arc iuitated in the outnoiv 
tract of the ventricle ivith only suhsequent involvement of the inflow 
tract. The recent detailed studies of Gross and Kngcl (personal com- 


munication) have alfordod results similar to those of Kirch. 

Wliat is the link that connects hypertrophy with antecedent dilata- 
tion? This is not entirely clear, but the utility of. the process is 
elucidated by the following considerations; Inasmuch as the volume 
of a sphere is iiroportional to the cube of the radius, as a sphere increases 
in size equal increments in volume correspond to .smaller and smaller 
increases in radius. In other u'ords, the larger a cardiac chamber, the 
less its radius must be diminished to expel the same volume of blood. 
Thus the fibers of tlie dilated lieart contract a shorter distance in main- 
taining the same stroke volume than do those of the normal organ. But 
the force of contraction must be correspondingly greater. Dilataiioii 
thus leads to the necessity for a shorter hut more 'powerful coniraclion 
of the muscle fibers, and hypertrophy would- seem to he ihc adapiation 
to these altered conditions. Of course, such a line of thought merely 
considers the wherefore and not the how of the process by wliieh hyper- 
trophy occurs in the dilated heart. 


INCREASE IN RATE 

In the majority of instances, tliougli not invariably, the rate of the 
failing heart is increased. Within limits, acceleration of the heart ful- 
fills a compensatory function. Henderson* found in the dog that the 
mmnte volume increases with the rate of the heart to about 120 beats 
per minute, is relatively constant betivoen 120 and 240, and falls above 
tbe lattei late. The conditions for the development of a compensatory 
action by tachycardia are especially favorable in cardiac failure, for tbe 
shortening of diastole that accompanies tachycardia is neutralized to 
a large extent by the increased venous pressure, which accelerates dias- 
tole filUng. On the other hand, in auricular fibrillation the loss of the 
mng quota due to auricular systole militates against compensation by 
tachycardia. Similarly, the low venous pressure of patients in shock 
prevents tachycardia from notably increasing the output of tbe heart. 
The cases an Avhieh tachycardia is so rapid as to diminish the output of 
the heart naU be discussed later. ^ 

The paftogenesis of taeliyeardia in cawliae wcalmeea has not heon 
enuvely elnodatea. It is not an intrinsic adaptation of tlL Tit to 
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increased worii, for Starling found in the lieart-hing preparation that 
within wide limits increments in arterial resistance or venous inflow do. 
not affect the rate. A factor that may be significant is the Bainbriclge 
reflex. Bainbridge® found that increased pressure within the venae 
eavae close to the heart and the right auricle induces reflex acceleration 
in rate. It has also been found that similar tachycardia results from 
elevation of pressure within the pulmonary veins and left auricle. The 
increased pressure behind a failing chamber of the heart may thus initiate 
compensatorj'- taehj^cardia. In those instances in which cardiac faihue 
is accompanied by fall in arterial pressure, of which coronary occlusion 
is an outstanding example, reflexes initiated in the carotid sinus and 
aorta may also play a part in accelerating the heart. 

THE CARDINAL CIRCULATORY SYNDROMES 

In any attempt to analyze the clinical pictures of circulatory failure 
from the point of view of the underlying disturbances in the dynamics 
of the circulation, the primary and obvious distinction is between failure 
of cardiac and of peripheral origin. In the vast majority of instances, 
this differentiation is readily carried out at the bedside. 

In the category of cardiac failure, further classification on a dynamic 
basis is often feasible. In certain cases, the cardiac failure is obviously 
a result of interference ivith diastole, either in consequence of mechanical 
incarceration of the heart or because of undue shortening of diastole in 
tachycardia. The term diastolic insufficiency may be used to designate 
such instances. Far more common is the cardiac insufficiency in which 
there is no hindrance to diastolic filling but in which contractility is 
inadequate. Such systolic insufficiency may involve the entire heart or 
may be confined to the right or the left ventricle, wliile the other chamber 
is functionally efficient — right or left ventricular failure. 

It is doubtless also true that different mechanisms lead to circulatory 
insufficiency of peripheral origin, but as yet it scarcely seems feasible for 
the clinician to separate them. Common to these ycnffiicral vi- 
sufficiencies is stagnation of blood in one or another vascular territoij 
so that the venous return to the heart is inadequate. 

Tentatively, then, we may recognize the following cardinal circulatoij 
syndromes : 

1. Cardiac Insufficiencies: 

A. Systolic insufficiencie — ^impaired contractility. 

a. Failure of the left ventricle. 

b. Failure of the right ventricle. 

B. Diastolic insufficiencies — ^inadequate diastolic filling. 

a. Mechanical incarceration of the heart. 

b. Abbreviation of diastole by tachycardia. 

2. Peripheral insufficiencies— deficient venous return to the heart. 

3. Combinations of the above. 
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FAILURE 01^ THE LEFT VENTRICLE 

Failure of tlie left ventricle ocenrs in the diseases in ^Yhlch the work 
of this chamber is increased or its mnsclc diseased. Hence, it is seen 
most often in arterial hyiicrtcnsion, disease of the aortic vah'c, niu 
stenosis of the month or the trunk of the left coronary artery. Classical 
left ventricular failure may appear in aentc glomernlonephntis, and is 
the ehief danger in the first days of the disease. It also occurs in mitral 
disease with predominant regurgitation; when there is marked stenosis 

also, left ventricular insufficiency is unnsnal. 

The clinical picture of iaolaied insufficiency of the left ventricle is 
characterized hy symptoms and siyns attrihutahlc to increased tension in 
the pulmonary circuit in the presence of normal pressure in the systemic 


veins. 

The outstanding symptom is dy.spnca. In almosr every instance there 
is hrcathlessness on exertion. Often, hoirever, the dominant. t\pe of 
dyspnea is paroxysmal, with especial tendency to occur at night, waking 
the patient in the first liours of his sleep-so-called cardiac asthma. In 
fact, tlic sole complaint may he of such nocturnal attacks of cardiac 
asthma. While questioning and examination almost always reveal that 
these patients are short of breath on climbing staii’s or on other exertion, 
their way of life may be such that cxei'tional dy-spnea docs not trouble 
them and that they suffer only from the nocturnal paroxysms. In tlic 
most severe of such attacks there may be acute pulmonary edema witli its 
pink, frothy sputum. The pulmonary stasis often leads also to 
hemoptysis, usually only streaked sputum but occasionally copious. 

Objeetivelj’, an interesting and important sign of the hypertension of 
the lesser circulation, as Mosehcowitz'’ has termed it, is the aceentnation 
of the second pulmonic sound. This is of especial significance in the 
presence of arterial hypertension. If tlie left heart of the hypertensive 
patient is adequate, the second sound is louder in the aortic than in the 


pulmonic area. But with failure of the left ventricle, the pulmonic 
second sound becomes accentuated. In such cases, T have often hoard 
the second sound much louder in the pulmonic than in the aortic area 
despite a diastolic pressure of 120 mm. or liigher. It is particularly 
significant when, in a patient ivith arterial hyjicrtension whose aortic 


second sound has been the louder, the pulmonic second sound becomes 
the more intense under observation; this is excellent evidence of failure 
of the left ventricle. In acute glomerulonephritis, accentuation of the 
second sound in the pulmonic area, generally accompanied by gallop 
rhythm, warns of grave danger of left ventricular failure. 

The negative feature characterizing isolated insufficiency of the left 
ventricle is the absence of engorgement of the systemic veins and liver 

hawT^rT pi-essure reveals it within normal limits; I 

have often found the venous pressure but 5 or 8 cm. of water despite the 
presence of orthopnea. Since venous pressure is normal, edtr is, oJ 
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course, absent. However, the patient may be cyanotic— usually a grayish 
ejmnosis. In many cases the cyanosis is of pulmonary origin, for\he 
warm hands show that the blood flow is not notably retarded. In other 
instances, to be sure, the cold extremities testify that slowing of blood 
flow also plays a part in the production of the cyanosis. 

There is no constancy about the height of the arterial pressure. "With 
severe coronary artery disease, particularly if there has been thrombosis 
of a large branch, premous hjTiertension may be reduced, even to below 
normal values. In other patients, despite severe orthopnea and other 
emdences of weakness of the left ventricle, the arterial pressure is main- 
tained at a high level. During attacks of pulmonary edema, the pres- 
sure may rise striking^, evidently a manifestation of the asphyxia. 

It should be observed that the stage of isolated insufficiency of the 
left ventricle may last for years in patients with hypertension or 
coronary sclerosis, though more often signs of insufficiency of the right 
ventricle are soon superadded if the patient does not improve or suc- 
cumb. I haim seen isolated insufficiency of the left ventricle in severe 
form lasting over three years. In one patient at present under observa- 
tion, it seems to have been present for eight years. In such cases, almost 
the only complaint is dyspnea, particularly paroxysmal nocturnal 
dyspnea. The patients are often afraid to go to sleep because of the 
nocturnal attacks. Not rarely, they are considered to suffer from 
bronchial asthma; I made this mistake recently. Sometimes, they go 
'through repeated tests for hj^iersensitiveness. Some succumb to coro- 
nary tJxrombosis or other accidents while in the stage of isolated failure 
of the left ventricle, but more often the right heart sooner or later also 
gives way. It is an old observation that the dyspnea of such patients 
may be greatly relieved when the right heart fails, with swelling of the 
liver and feet ; obvuously, this is a result of the relief of the hypertension 
of the pulmonary circuit. 

In mitral stenosis a disturbance in circulatory djmamics akin to that of 
left ventricular failure, and dominated entirely by the increased tension 
in the pulmonarj' circuit, may be present for years. The outstanding 
symptoms are exertional dyspnea and often recurrent blood spitting, 
but, contrary to left ventricular failure, nocturnal paroxysmal dyspnea is 
rare. As long as the right heart is adequate, increase of venous pi c.ssurc 
and its consequences are absent. Such cases present the picture o 
failure of the left auricle. 


FAILURE OF THE RIGHT VENTRICLE 

The conditions in which failure of tlie right ventricle occurs arc those 
which give rise to prolonged increase of tension in the 
cuit, i.e.. mitral disease, empliysema, various forms of piilmonarj i » ^ r 
In-phoscoliosis, exten.sive pleural adhesions and effusions, the ^ 

of disease of the pulmonary artery described by Ayorza, e c. ^ 
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causes are organic changes in the pulmonary and tricuspid 
disease of the right coronary artery. Most pataenls noth Ic t hen 
faihxre ultimately also develop insufficiency of the right ventiicle, tl c 
manifestations of which then dominate the clinical picture. Such supei- 
imposition of right ventricular failure on insufficiency of the left heart 
often occurs under our eyes. 

Failure of the right ventricle is, of course, manifested by engorgement 
of the systemic veins. In the vast majority of cases, this is docuniented 
by increase in venous pressure. I have, liorvever, seen instance.s of this 
variety in which the venous pressure was not definitely abnormal, 
although the liver was enlarged and tender. But if the failure be not 
transitory, increase in venous pressure generally soon becomes demon- 
strable. In severe failure of the right heart, the venous pressure may 
rise to great heights ; tensions well above 30 cm. of water are not uncom- 
mon. This rise in venous pressure, in addition to its deleterious conse- 
quences, may also fulfill a compensatory function. Since the energy un- 
leashed by ventricular systole is proportional to diastolic filling, it is ob- 
ruous that inereased venous pressure with its resultant promotion of 
diastolic filling will tend to elevate the work done by the right hcai't. 
Moreover, increased venous pressure tends to accelerate the heart by the 
Bainbridge reflex. These two effects of increase in venou.s pressure are 
sjmergistie, for acceleration of the heart is effective in increasing orrtput 
only if filling is accomplished with sufficient rapidity. 

Palpable enlargement of the liver almost always accompanies the rise 
in venous pressure. The engorgement of the liver may also serve a com- 
pensatory function. It is generally belicrmd that the increased abdominal 
tension during inspiration plays a part in the diastolic filling of the 
right heart, one factor being the squeezing out of the liver like a sponge. 
If the liver is engorged, the amount of blood thus squeezed out is 
presumably greater and so increases the diastolic filling of the right 
heart. The amount of blood that can be squeezed out of a congested 
liver is readily -susualized by observing the swelling of the veins of the 
neek that accompanies manual compression of the acutely congested 
organ. 

Cj'^anosis and dyspnea are almost always present. As a rule, however, 
in contradistinction to failure of the left ventricle, the cyanosis is rela- 
tively much more instense than the dyspnea. In fact, 'in many very 
severe instances of right heart failure with greatly increased venous pres- 
sure and extreme cyanosis, the patient does not volunteer dyspnea among 
his complaints and lies flat without any indication of orthopnea. The 
combination of engorged veins and deep cyanosis in the absence of 
striking dyspnea immediately suggests failure of the right heart 
_ In many instances, the cause of the disproportionately severe cyanosis 
IS arterial anoxemia due to the pulmonary lesions primarily responsible 
for the strain on the right heart. But with severe failure the cyanosis 
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IS not entirely pulmonary in origin; tlie cold extremities often indicate 
tnat slowing of the blood flow in the periphery with consequent increased 
reduction of oxyhemoglobin also plays a part. In addition, the poly- 
cjdhemia often present in these patients facilitates the appearance of 
cyanosis. A further factor has been emphasized by Uhlenbruek," who 
has shomi bj’" experiments with inhalation of low concentrations of 
oxygen and high percentages of carbon dioxide that the irritability of 
the I espiratoi 3^^ center in such patients with chronic ai'terial anoxemia 
is diminished. The condition of the patients is analogous in this respect 
to morphine intoxication, in w'hich there is also deep c3mnosis in the 
absence of dj’-spnea. 

Another symptom of the more severe of these cases that has impressed 
clinicians is somnolence ; I have seen stupor persist for da3"s and weeks. 
This is presumabl}’’ also a consequence of protracted ox3’gen want. 

That edema and serous effusions may attain prodigious extent in these 
patients wdth high venous pressure need scarcely be mentioned. 

I should like to refer briefl3'’ to the unusual instances of right 
ventricular failure resulting from disease of the right coronary artery. 
Such cases may run a chronic course wdth e3mnosis, edema, serous effu- 
sions, and a large, hard liver, thus simulating Pick’s disease. D3’spnea 
ma5^ be but slight and orthopnea absent. In a patient with this clinical 
picture who came to neerops}' recentl}^, pax’acentesis of the, abdomen liad 
been necessary four 3’'ears before death and cardiac cirrhosis had 
developed. The pieture of disease of the right coronary artery with 
acute failure of the right heart may be very' striking. Such a case was 
recognized intra vitam by^ Dr. B. Libman by'' the concomitance of rapid 
and massive enlargement of the liver with the development of smo- 
aurieular block.'^ 


CARDIAC FAILURE DUE TO INADEQUATE DIASTOLIC FILLING 

Interference ■with diastolic flUing entails corresponding diminution 
in systolic output. Such inadequate diastolic filling may result from 
either limitation of diastolic relaxation or the abbreviation of diastole 
in excessive tachycardia. 

The classical example of cardiac failure due to mechanical limitation 
of diastole is furnished by^ rapidty accumulating pericardial effusion. 
Cohnheim^® long ago observed that when the pressure in the pen 


•The great significance of the venous pressure for the h.avc not 

indicated in the foregoing-. Nevertheless, measurements of niea.surc- 

been -widely applied in clinical work because of <3>fnt^tiltics in ca^j ins o roupii cstl- 
ment. In a recent lecture, Lewis® has described in masterly , column in the 

mation of the venous pres.sure by observ-atipn of the of Om Wo tiie 

superficial veins of the neck, A very simple and apparentlj adc Tlionias ami 

rtirpct mensiirement of venous nressure has been introduced oj i j • in 


tions of the progress 
the venous pressure. 

stenosis witli auricular jiuriijiniun c cm 

pressure from about 25 cm. of water to the normal Ie^el of about t> cm. 
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SOME CAEDINAE CinCUEATORY SYNDROJIES 


cardial sac of a dog is raised by the inDeetion of flwd, aortic pi essu 
falls concomitantly ivith rise in venous pressure. 1 recmely the same 
plienomena are observed in copious pericardial effusion in man it it is 
formed ivitli sufficient rapidity. That the nicclianical limitation ot dias- 
tole by the compressing fluid causes the cardiac failure is proved by tlic 
immediate relief that follows paracentesis. In a recent instaiiee ot 
purulent pericardial eft’iisioii with low arterial and high venous pres- 
sure, the physician tailing the pulse could feel the bands become warmer 
as the pulse strengthened during the course of the paracentesis. 

An analogous variety of cardiac failure resulting troin limitation of 
diastole is encountered in thickening of the pericardium in ivhich the 
contracting scar tissue incarcerates the heart, the Pick syndrome. 
VoUiaixP^ has described cases of this type in which the contraction of 


the thickened pericardium was so marked as to result in a small cardiac 
silhouette; when the heart was freed surgically, the patient improved. 
The sjTidrome has been reproduced experimentally by Beck,^* who has 
shown in both animals and man that when the heart is freed from the 
incarcerating scar tissue which interferes with diastolic relaxation and 
may compromise the mouths of the venae cavac, venous pressure falls and 
cardiac output rises to normal. 

The other tj^je of cardiac failure due to inadequate diastolic Ailing re- 
sults from shortening of diastole in tachycardia. Tlie clearest example 
is the cardiac failure with rise in venous pressure and swelling of the 
liver that occurs in some episodes of paroxysmal tachyeai’dia. Barcroft, 
Bock and Roughton^® demonstrated in such a case that the minute 
volume was decreased during the attack. 

The clinical picture of diastolic failure closely resembles that of in- 
sufficiency of the right ventricle, despite the fact that the filling of both 
ventricles is interfered with. The explanation is probably that the out- 
put of the right ventricle is so small that the left ventricle, despite 
equally severe functional impairment, is able to master it and thus avert 
the pulmonary engorgement 'which produces the characteristic symptoms 
of left ventricular failure. However, the diminution in output of the 
left ventricle may result in fainting and other manifestations at- 
tributable to cerebral anemia; these occur especially in the diastolic 
failure of paroxysmal tachycardia. In instances of copious pericardial 
effusion, features of both right and left ventricular insufficiency may be 
commingled. In such cases, the mechanical conditions may he such as 
to interfere relatively more with the filbug of the left heart and thus 
result in pulmonary engorgement and agonizing dyspnea. 


CIKCUEATORY FAILURE OF PERIPHERAL ORIGIN 

Since the capacity of the vascular tree is far greater than the volume 
ot the blood, simultaneous relaxation of all the vessels would be incom- 
patible with the maintenance of circulation. Variations in tonus of the 
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arterioks^ m different vascular territories guide the blood to the organs 
where it is needed. The capillaries also participate in the regulation of 
blood distribution; classical examples are the increase in the number 
of open capillaries in active muscle and the changes in the proportion 
of permeable glomerular loops as diuresis varies. Henderson, » Goll- 
witzer-hleier^® and others have emphasized the importance of alterations 
in the capacity of the veins for the regulation of the circulation. This 
is of particular significance because the capacity of the venous side 
of the circulation is several times that of the arterial. The conception 
advocated by Hess^® is that the arterioles serve to regulate tlie distribu- 
tion of blood among the various organs while the veins are pre- 
ponderant in regulating the total volume of the circulation. Diminution 
in the capacity of the veins immediately increases the return to the heart 
and therefore the output of that organ. Accessory factors of signifi- 
cance in aiding the venous return to the heart are contraction of the 
skeletal muscles and the respiratory movements ; how strikingly muscular 
activity aids venous return to the heart is obvious when one asks a patient 
to clench his fist during venipuncture. 

Evidently, a mechanism so elaborate as that regulating the distribu- 
tion among the organs and the return to the heart of the blood must have 
a variegated pathologj^ of its own. The classical example of such a cir- 
culatoiy disturbance originating in the periphery is surgical and 
traumatic shock. Peripheral factors are probably likewise dominant 
in the genesis of circulatory failure in many of the acute fevers, although 
in some of these, notably rheumatic fever and diphtheria, damage to the 
heart muscle plaj'S a part or is predominant. The circulatory collapse 
that is now the chief danger in diabetic acidosis is also of this variety. 
Experimentally, circulatory failure of peripheral origin can be produced 
with histamine. 

In each of these varied conditions, there appears to be stagnation of 
blood in the vascular periphery with resultant diminution in the venous 
return to the heart. That the pooling of blood in the periphery of tbe 
circulation is not due to cardiac weakness but is of peripheral genesis 
is proved by the low pressure in the large veins of the extremities. Even 
though the heart is functionally competent, the small return from the 
great veins entails an equally diminished cardiac output; hence the fall 
in arterial pressure, to Avhich arteriolar dilatation maj’’ also contiibutc. 
The low arterial pressure in turn accelerates the heart through rcf1oxe.s 
originating in the carotid sinus and aoida. The circulatory disturbance 
resulting from diminished venous return is one for Avhich the 
cannot compensate. The reason for this is that filling is an entn 
passive process on the part of the heart, which functions solely as a orce 
pump, it does not, like a suction pump, aspirate blood from the icnac 

cavae. 
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As to the eaxtses ot the stagnation ot Wood in the periphery, there 
arfmany theories but low established facts. The follotvtng ntcehan.sms 

seeni the best grounded : . . ^ r • 

1. It is Avidely held that the peripheral stasis is due to increased 
capacity of the small yessels, particularly in the splanchnic area, re- 
sulting from diminution in their tonus. Formerly, the stagnation rvas 
thougM to be chiefly in the capillaries, hut some recent investigators 
tend toivard the view that most of the pooling of blood occurs in the verx 
capacious venules. In the case of arteriolar relaxation, the actual in- 
crease in the capacity of the arterioles is probably not as sipiificant as is 
what xve may term the “guiding function” of the arterioles, i.e., the 
blood is no longer guided elfectively to the active organs in xvhich it is 
needed by the tonic contraction of the arterioles in the inactive parts. 

2. Henderson^^ has for years defended the thesis that the peripheral 
stasis is due to diminished venous return to the heart — defective function 
of what he terms the venopressor mechanism — so that tlie blood stagnates 
in the venules. In Henderson’s opinion, deficiency of carbon dioxide in 
the blood and tissues results in diminished tonus of the muscles and de- 
presses respiration; when the venous return to the heart is deprived of 
these aids, peripheral stagnation is favored. 

8. A number of investigators have found diminished circulating blood 
volume in peripheral circulatory failure. In some instances, such as 
diabetic coma or postoperative vomiting, this is at least partly due to 
concentration of the blood by dehydration. But in other cases the de- 
crease in the volume of the circulating blood is believed to be caused 
by removal of blood from the rapid circulation into the various blood 
reservoirs, such as the spleen and the lixmr. This conception has been 
advanced especially by Eppinger.^' It does not seem to me that the sig- 
nificance of the diminution in circulating blood volume associated with 
peripheral circulatory failure is as j-et elucidated. 

Considering the complexity of the mechanisms involved in the periph- 
eral circulation, it would seem probable that there are various patho- 
genetically distinct types of periplieral circulatory failure, having in 
common stagnation of blood in one or another’ vascular territory and 
diminished venous return to the heart. But the means for differentiating 
these varieties are not yet at hand, and the clinician must be content 
with the separation of the circulatory failures of peripheral genesis from 
those due to cardiac xveakness. 

Bclore leaving tlia subject o( peripheral circulatory failure, it xvouH 
seem worthy of emphasis that hotli cardiac and peripheral failures 
may occur mmultancously. Thus, in cases of coronary thrombosis, the 

Imwl /T f and may completely 

tw ? ' ” “■ “ iustauoes, altbou4 

there m ashy cyanosis and the extremities are eold, I have repeatedly 
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found the venous pressure to be low. Despite a large infarct in the left 
ventricle, there may be no evidence of pulmonary congestion for a con- 
siderable time ; the pulmonic second sound is not accentuated and the 
patient lies flat on his back without orthopnea. Evidently, so much blood 
is pooled in the periphery that the venous return is small enough to be 
within the capabilities, for a time at least, of even the severehv damaged 
heart. Possibly, such cases are to be included in the concept of traumatic 
shock, the infarction of the myocardium being the responsible trauma. 
But the possibility must also be weighed whether the peripheral pooling 
of the blood is not a protective measure — effected through as yet mi- 
knoAvn mechanisms — to relieve the acutely damaged heart. 

Therapeutic considerations have not been broached in the foregoing 
discussion. That the treatment of circulatory failure of peripheral 
origin differs fundamentally from that of cardiac failure is, of course, 
well known. But I believe it has not been adequately emphasized that 
the therapeutics of the various types of cardiac failure must be in- 
dividualized in accord udth the nature of the disturbance in the dynamics 
of the circulation. Time will permit only one illustration of the 
importance of such therapeutic individualization : The sovereign domain 
of digitalis is failure of the right heart; I have convinced myself by 
protracted observation that it is rarely efficacious in isolated insuffi- 
ciency of the left heart or in diastolic insufficiency. That is, it has not 
seemed to me that the results obtained by digitalization in isolated fail- 
ure of the left ventricle by digitalization are superior to those observed 
by bed rest, fluid and salt restriction, and perhaps the administration 
of salyrgan Avithout the additional use of digitalis. The difference 
is not entirely explained by tbe fact that auricular fibrillation occurs pre- 
dominately with right heart failure, for there may be excellent 
therapeutic response to digitalization in this tjqie of failure noth 
regular rhythm. WliateAmr the explanation may be, much unnecessary 
digitalization will be avoided by realization that the sphere of usefulne.ss 
par excellence of digitalis is insufficienc3’’ of the right heart, and that 
udien the drug fails in other varieties of cardiac insufficiency^ the only 
effect of increasing the dose is liable to be intoxication. The relation 
of the type of cardiac failure to the therapeutic response Avonlcl .seem 
u'orthj^ of more studj' than has hitherto been accorded it. 
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CLINICAL ASPECTS OP ARTERIOSCLEROSIS® 

R. W. Scott, ]\I.D. 

Cleveland, Ohio 


n^HIS discussion of human arteriosclerosis is undertaken nitli a cer- 
tain unwiUinguess, because as eveiy student of the subject must 
appi’eciate, onr ignorance of this very common affection far over- 
shadows our Imowledge. A search of past writings for establisbcd 
fact leads to disappointment; hypotheses there are in abundance, but 
these frequently express opposite views concerning the cause and 
nature of arteriosclerosis. 

For the purpose of this discussion I exclude those changes in the 
arteries due to syphilis, tuberculosis, trauma, toxic agents leading to 
thrombosis, and that rather rare inflammatory process, periarteritis 
nodosa. With less justification perhaps I exclude also the medial 
necrosis and calcification of peripheral vessels, described by Moncke- 
berg. I shall use the older and better known term “arteriosclerosis” 
introduced by Lobstein to denote that most common affection of tlie 
arterial system, of undetermined etiology, rarely absent in advanced 
life, and characterized by a thickening of the intima accompanied by 
the deposition of fat. Changes in the media are usually mild, although 
in some instances they are marked. Later sclerosis and calcification 
occur, which give to the arteriosclerotic artery its most characteristic 
appearance. 

To enter upon a discussion here of the anatomical changes in arteri- 
osclerosis would carry us far afield and would be productive of nothing 
new. Whether the process is primaidly in the intima or in the media, 
or whether it is inflammatory or degenerative in nature is not settled. 
Klotz^ thinks that the sclerotic changes in the vessels are due for the 
most part to intimal disease caused by infectious iiroccsses, work and 
old age, while MacCallum- has stated that the media in the aorta and 
mseeral arteries seems relatively little changed in comparison to the 
extent of the intimal alterations. Included here arc those changes in 
the smaller ramifications of the vascular tree Itnown as arteriolai 
sclerosis. No attempt is made to differentiate this process from aite- 
rial sclerosis because the two are very frequently associated, and so fai 
as Ave noAV knoAV they may have a common pathogenesis. 

Artei’iolar sclero.sis affecting arterioles of the order of the Avasa a - 
ferentia in the kidneys is characterized by the irregular deposition of 
hyalin luider the endothelium as scon best in longitudinal .seefion.s ol 


•From the AlcmcJil Clinic of AA'estcm Rescr\-c 
pltah Presented at the New York Academy of .Afeclfofno, Oaoher i. 
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the arteriole. Such hyalinized areas may undergo a fatly chai e 
which can he demonstrated by lipoid stains such as sndan III. As the 
process advances the lumen of the vessel is narrowed or cmnpletely 
obliterated. In larger arterioles one sees only the hyperplastic ty pe of 
intimal thickening with retrogressive and fatty changes and later 
proliferation of connective tissue. Often in advanced cases the media 
shows degenerative changes with complete rcplaceincnt fibrosis. 
Medial hypertrophy of the kidney arterioles is seen particularly m in- 
dividuals under forty dying of hj’pertension. 

Reviewing the present day conceptions of the etiology and patho- 
genesis of arteriosclerosis, one finds much speculation and many 
hjTiotheses often masking as fact. In a rcAueiv of the subject in 1922, 
MaeCallum^ stated: “Artcriosclero.sis is one of those diseases difficult 


to explain because it develoiis so sloivly^ through long years of life, 
during which a great many'' possible causes have had an opportunity^ to 
affect the tissues. Hence cvei'y conceivable idea has been expressed or 
tenaciously maintained regarding the condition and many of them are 
so vague and ill supported that it is wearisome to discuss them. None, 
however, is clearly demonstrated to have a definite bearing on the 
etiology of arteriosclerosis and we arc quite as ignorant of its undcrly'- 
ing causes as were our fathers in the days of Morgagni.” 

Aware of the truth cxpi-essed in this quotation of MacCallum, we 
find it difficult, however, to dismiss summarily from consideration cer- 
tain factors which have long been thought to be of some significance in 
the cause of human arteriosclerosis. I refer to the influences of hered- 
ity, to the ravages of the ageing proce.ss, to hyTicrtension, and to those 
changes in our environment incident to our civilization, not because 
these are in any' sense all the factors that may be involved, but the 


evidence in their favor is perhaps oiicn to less criticism than that pre- 
sented by other alleged etiological agents. 


INCIDENCE OP ARTERIOSCLEROSIS 

Accurate data on the present incidence of arteriosclerosis are not 
available, but indirectly', certain more or less pertinent facts are ob- 
tained by a study' of mortality and morbidity' statistics. These show 
for the registration area in America, first, that heart disease is the 
leading cause of death at present and, second, that the mounting in- 
cidence of heart disease during the past two decades occurs in indi- 
viduals past forty years of age. For example, heart disease in the 
state of New York, excluding New York City, has been the leading 
cause of death since 1912 with the exception of the year 1918 ivlien 
pneumonia held first place. The curves show an allst continuous 

the deaths were between the ages o£ forty and seventy, and onlv 8S 
pel cell of deaths from heart disease were under forty years of ao’e. 
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Assuming a certain error inherent in such data, there is little reason 
to doubt the statement that the most significant factors in heart disease 
beyond forty are vascular decay, coronary arteriosclerosis, and those 
changes in the smaller arterioles that we know are so frequently as- 
sociated with hypertension. If, in addition, we add that group of in- 
dividuals beyond forty who die of cerebral arteriosclerosis (tln-omhosis 
or hemorrhage) and those dying of renal insufficiency secondary to 
vascular disease, it is apparent that at the present time the expectancy 
of life of the majority of people beyond middle age is determined by 
the state of the arteries. Long ago it was said “A man is as old as his 
arteries.” This truth is ei’^en more apparent today than ever before. 

Much attention is given in some quarters to the steadily mounting 
morbidity and mortality rates from cardiovascidar disease, and a 
variety of opinions is expressed concerning their significance; but be- 
fore any definite conclusions are reached, it is necessary to laiow much 
more than we do at present concerning many factors that appear to 
influence the incidence of arteriosclerotic changes in vessels. 

Data on the life span show that there are today in this country 
more people fifty years of age than ever before. Only a few decades 
ago the age at which most people died was 45 ; now it is 60. The con- 
trol of some of the important causes of death in infancy and childhood 
has increased the number of people past middle life — ^in the arteri- 
osclerotic age — hence a certain natural increment in the incidence of 
vascular disease is to be anticipated. Furthermore, modern hygiene 
and preventive medicine are striving daily to increase the number of 
individuals (both fit and unfit) that mature to approach the involu- 
tionary period of senescence. Man is exercising more and more con- 
trol over his environment, and there are those who point with pride to 
his accomplishments in prolonging hitman life, but the biologist and 
the eugenist ponder the ultimate results of our present day methods as 
applied to the human race. They see the waning influence of natural 
selection and wonder if we can continue to thwart nature without pay- 
ing the penalty in quality if not ultimately in quantity. In fact, theie 
is some reason to believe that nature is already exacting her toll. 
Professor Forsyth^ of Dartmouth has presented evidence to shov that 
the length of life in this country is actually decreasing. From a ci itica 
analysis of mortality statistics he concludes that the American acu^ 
today cannot expect to live as long as his father or grandfatliei. icie 
is little question that many individuals today are maturing to piopa 
gate the race who would not have survived in the moic ligoious ei 
\dronment of our forefathers. If the wearing quality of out artcin.^ r' 
in any way determined by our heredity (a point emphasized by be, 
late Dr. Osier), may we not expect an increasing number o 
whose vessels may wear reasonably well for the earlier ( . 

but as age comes on the shoddy appears in the foim o eat j ( e . 
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ration ol the Taseular system. It appears (hat '''‘’"'’“'jjji 

difficult either to prove or disprove, cannot in the light 1 

knowledge he summarily dismissed as sheer speculation. 


CLINICAL ASPECTS OP ARTERIOSCLEROSIS 

Although we are far from a solution of the problem of the patho- 
o-enesis of human arteriosclero.sis, valuable contributions to our know - 
edge have been made by both pathologists and clinicians in the days 
since Bright. Time will not permit a discussion of the voluminous 
literature that has grown up on the .sub.icct in the past century, but. it. 
is necessary to mention the contributions of a few workers who have 
been most responsible for our present, day conceptions. Tlicse are not 
perfect and they are slowly changing, hut. there is little doubt that 
the informed cliiiieiau at present is much lietter equipped than were 
his predecessors of the past generation to appreciate the variety of 
clinical conditions cither a.s.sociated with or directly due to ariori- 
osclerotie changes in the vascular tree. 

Knowing as we now do the frequciil a.ssoeiation of lijqiorlension and 
left ventricular hypertrophy with sclerotic changes in the intimate 
vasculature of several organs — ^most often the kidneys — it’ is not .sur- 
prising that the early students of kidney disease should luivc been con- 
cerned also with the problem of vascular disease. Briglit' observed 
the occurrence of thickened vessels and cardiac liyporti-ophy in 
patients with contracted kidneys, but he had no clear conception of 
the causal relation. To understand the origin of the term “Bright’s 
disease” and “Bright’s kidneys” and to appreciate the influence that 
those terms have had on moulding our views even to the present time, 
we should recall that Bright’s wmrk dealt with no particular form of 
renal disease but included all cases with an albuminous urine during 
life and a scarred kidney postmortem. Kidney lesions ivere no 
further classified by Briglit tlian as “large and smooth” and “small 


and granular,” exceptions being regarded as intermediate stages in 
the process of development from the large to the small Iddney. Orig- 
inally, therefore, the term Bright’s kidney included many forms of 
renal disease. It is interesting to note that following Bright’s work 
and persisting for many years wmre certain conceptions regarding 
kidney disease which liave done more to retard than to advance our 
knowledge. Chief of these were : First, tliat all types of scarred kid- 
neys were manifestations of one disease process at different stages; 
and, second, that the associated lesions of other organs, such as those 
of the heart and arteries, were the effects of renal disease and due to 
progressive renal insufficiency. 


It was not until some twenty years after Bright that the vascular 
lesions associated with renal disease received much attention In 185‘> 
Jolmsou- starved that in one lom ol chrome Brighfs disease the 
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smaller arteries not alone in the kidneys bnt also in other viscera Mere 
thickened— changes which he ascribed to antecedent renal disease. 
The contribution which marked an epoch in onr knowledge of vascular 
disease was that of Gull and Sutton® in 1872. Tiiey confirmed Jolni- 
son’s observations but took an important step forward by showing that 
a diffuse vascular disease of the smaller vessels (arteriocajiillarv 
fibrosis) may occur without serious renal damage. They further sug- 
gested that left ventricular hypertrophy was due to tlie change in tlio 
minute arteries and capillaries and not to renal insufficiency. The ob- 
servations and deductions of Gull and Sutton are all the more remark- 
able when we recall that they were made with imperfect histological 
methods and with no knowledge of clinical blood pressure. As con- 
clusive as their work appeared, it was not a death blow to the older 
conceptions of the dependence of cardiac hypertrophy and arterio- 
sclerosis upon renal disease. 

About twenty years after the work of Gull and Sutton, the sphygmo- 
manometer was introduced into clinical medicine by von Basch. As 
clinical data on blood pressure gradually accumulated, it was but 
natural that some association between abnormal elevations in blood 
pressure and sclerotic changes in vessels should be postulated, and 
supporting evidence for this view was afforded by those incidences of 
hypertension associated with demonstrable sclerosis of the accessible 
arteries. However, exceptions to the rule were not long in appearing. 
Von Basch in 1893,^ after observing many eases of hypertension with- 
out demonstrable arterial changes, concluded that the hypertension 
was but a precursor of arteriosclerosis, and to designate such condi- 
tions he used the term "latent arteriosclerosis.” Still lurking in the 
backgrormd now more than twenty years after Gull and Sutton s 
work, and more or less dominating the clinical thought of the tunc 
was the old teaching concerning the unity of arteriosclerosis and kid- 
ney disease. To bring the eaidier observations on blood pressure info 
line with this view, it was taught that hypertension was a manifesta- 
tion of arterial change which in turn resulted from renal disease. 
Therefore individuals with an abnormal elevation in blood pressme 
were regarded as having, or destined to develop Bright’s disease and 
renal insufficiency. Such was the generally accepted and almost uni- 
versally taught hypothesis concerning the relation.ship between aitcu- 
osclerosis, blood pressure, and kidney disease, in the early 90 s of t le 

last century. . . . 

In retrospect we may say that the stage was set for recognition o 
that large group of individuals with chronic hypertension who never 
develop renal insufficiency, and who have no significant cliangc-s m m 
palpable arteries. For this step forward we arc indebted to , 

although about the same time Huchard® in France was aware o 
frequency of nonrenal hypertension. Bong and careful ohservalions o 
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patients led Allbutt'' to tiie following well known elnssirK.n . (- ) 

byperpiesia-individuals with chronic hypertension with little oi no 
renal involvement who die of heart failure or apoplexy ; _ (2) lenal 
disease with or without hypertension; (3) decrescent arterioscleiosis, 
primarily of the larger arteries, not necessarily accompanied by hyper- 
tension. ‘ In his zeal to stress the importance of hypci-piesia and to liavc 
it regarded as a distinct malady, Allbutt failed to recognize, or at all 
eveiiL did not include in his classification, those cases of primary 
hypertension that die of renal insufficiency. Such eases have initil 
very recently presented a barrier to any classification of nepluitis, 
they have led to no little confusion between clinicians and pathologists 
and have helped to keep alive the old conceptions of the renal origin 
of hypertension. 

After Gull and Sutton, the most outstanding contrilnition from the 
pathological standpoint was made by Jorcs^® in 1904. who showed for 
the first time tliat the scarred kidney, formerly regarded as the seat 
of chronic interstitial nephritis, was in reality due to arteriosclerosis 
of the smaller renal vc.ssels. He further observed’^ that patients with 
atrophic granular kidneys had hypertrophied left ventricles, and more 
often died of cardiac failure or apoplexy. Jores’ work supported that 
of Allbutt and served to emphasize the view that cardiac hypertrophy 
and hypertension were not due to renal involvement. Opponcnt.s on 
the other hand supported their argument by citing cases of hyperten- 
sion that died of uremia. For several years following tlie work of All- 
butt and Jores clinicians generally, recognized that some relatiomship 
existed between arteriosclerosis, hyjertension, cardiac liyiJorti'ophy 
and gramdar kidneys, but, as most of us recall, the teaching of twenty 
years ago was anything but clarifying. The diagnosis of cardiovas- 
cular renal disease was commonly made, but so far as the student was 
concerned, just what part of the clinical picture was due to cardiac 
failure and what to renal insufficiency was seldom determined with any 
degree of accuracy. Retained body fluid and an albuminous urine were 
usually sufficient evidence to incriminate the kidneys. 

The clear recognition of two types of primary hy)ertension, one with 
renal insufficiency, the other without, and the corresponding vascular 
renal lesions were established by Volhard and Fahr^= in 1914. Thus 
for the first time the hitherto puzzling case of hypertension and renal 
insufficiency was brought into line, but not witliout an argument 
among pathologists which has continued to the present time. This 
arose from the assiimption by Volhard and Fahr that the kidney 
esions, particularly in the glomeruli, in their eases of so-called malig- 
nant hypertension dying of renal insufficiency, were not due solely to 
vascular damage but were a combination of vessel and inflammatory 
lenal changes, their Kombiuations— Form. Both authors have now 
changed their original views, Volhardi® holding that the vascular renal 
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lesions are ischemic in nature, the result of vascular spasm. This phase 
of the subject is presented in a recent contribution of IGcmperer and 
Otani,"^ who distinguished two types of vascular lesions, one a rapidly 
progi’essive atherosclerosis, the other, an inflammatory lesion superim- 
posed on an antecedent arterioscler'osis. 

The above brief resume of a few of the more important contributions 
since Bright, gives us a glimpse of the development of our present 
knowledge concerning the relationship of arteriosclerosis, hjiJerten- 
sion and certain forms of kidney disease, and it also indicates the 
difficulties encountered in the past in correlating clinical and patho- 
logical observations. That our present knowledge is immature is ap- 
parent to all, but may not its abundant heritage promise much for the 
future ? 

Before attempting what we may call a pathological-physiological 
classification of arterioselerosi.s, eei-tain well knorni facts may he 
emphasized : First, that those changes in the arterial tree that we call 
arteriosclerosis are most capricious in their distribution, appearing in 
the greater circulation from the sinus of Valsalva to the smallest 
arterioles (for some reason not known at present the arteries of the 
lesser circulation in most cases are singularly spared). The process 
may be generalized in some instances and sharply localized in others. 
Second, that the functional significance of arteriosclero.sis varies great- 
ly; often there is no parallelism between the extent of the process and 
the associated functional disturbances. For instance, we see extensive 
changes in the larger arteries that offer no barrier to longevity, and 
on the other hand, the process may be confined to a few millimetei’S of 
the coronary artery and cause sudden death in the prime of life. 
Serious damage to the intimate vasculature of the kidney is found in 
young people dying of uremia. Chronic hypertension and sanguineous 
apoplexy iisually are associated with damaged cerebral ve.ssels. Many 
other examples might be cited to ilhistratc the variety of clinical pic- 
tures associated more or less intimately with vascular disease. Our 
limited knowledge at pi'csent precludes a satisfactory classification 
of arteriosclerosis (this term to include both large and small Amssel 
involvement), but since wc as clinicians are primarily concerned in 
correlating the clinical and pathological findings, the following scheme 
may serve as an outline in approaching a discussion of the subject. 

This outline makes no claim to perfection and it has many vulnerable 
spots. To perceive them is to appreciate the difficulties in associating 
functional disorders and anatomical changes, particularly changes so 
iiTCgular in distribution as arc those of arteriosclerosis. Certain quite 
obvious objections may be made to the association of arterial and ar- 
teriolar sclerosis and blood prcs.sure, but in indicating a rclalion.sliip 
between hypertension, for example, and .small ve.sscl di.sease, no more is 
implied than the fact that mo.sl individuals with so-called essential 
hypertension show at post-mortem examination more or less marked 
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propagated to the periphery, as shown by Bramwelld’’ More of the 
shock of ventricular systole is transmitted peripherally, and we find an 
abnormal excursion of the vessels from the aortic arch, for example the 
carotids. Sclerotic changes at the root of the aorta not infrequently 
involve the valve cusps, which become rigid, are unable to approximate 
the aortic wall during systole, and may lead to a high grade of aortic 
stenosis and death from heart failure. Incidences of aortic insuffi- 
ciency ascribed to arteriosclerosis are often due to syphilis which may 
not be recognized grossly in the presence of advanced arteriosclerosis. 
Mention here may be made of an interesting anatomical finding first 
called to mj^ attention oy Professor Erdheim. He points out that the 
first few'- centimeters of the aorta are singularly spared in individuals 
wdio attain seventy years or more, although the remainder of the vessel 
is more or less extensively diseased. On the other hand, marked in- 
volvement of the first 3 to 4 centimeters appears to be incompatible 
wdth the proverbial three score and ten years. Exceptions to this rule 
are very rare. In searching for some explanation of this fact, one is 
reminded of the evidence indicating that the first part of the aorta is 
nourished from the coronary arteries, so that it is possible some rela- 
tionship between coronary disease, at least of those branches that sup- 
ply the aortic root, and sclerosis in this region exists. This matter 
merits further studjL 

The reference to combined lesions, as indicated in the right half of 
this diagram, is of course absolutely necessary, since several combina- 
tions of functional and anatomical changes may occui’. For example, 
the larger arteries are almost always involved in long standing cases 
of hjToertension and, indeed, the clinical course may be dominated en- 
tirely by the large v'-essel disease. 

At this point I desire to present briefly the salient clinical and patho- 
logical findings in one case which illustrates the extent of the problem 
of vascular disease. Those of you who attended the Cleveland meeting 
of the American College of Physicians in 1927, will recall a hoy ngc 
twelve years whom I demonstrated as an example of juvenile noniena 
hv'pertension. 


a at the 


Tliis hoy developed nonnally, and except for an attack of lotar pneumonia ^ 

age of eiglit years, he was in good health until eleven years of age- There 

* — uuaer 


history of rheumatic infection or scarlet fever. One year before coming 


observation lie noticed undue breathlessness and palpitation while at pla). 
plained also during this year of i-ather regularly recurring attacks of seicre 
These symptoms progressed and formed the chief complaint on admissioi 
hospital, January 20, 1927. jb no 

Physical examination revealed a well-developed and alert boy one 

distress, and with no puffiness about the face or edema elsewhere. Eli" 
would have said from palpation, that the accessible arteries vere prc.< 3 nrc 

man. Tliey were tliiekened and tortuous, and it was apparent that the 
was elevated, and when measured it was found to be 280 mm. of of itf 

and 375 diastolic. At a glance one was impressed by the vigor and po- 
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and tympanitic second sound followed at once by the blowing cias ,.^|yeg 

^as tLughtHhat this murmur was due to relative incompetence of the aortic lahes 
as it entirely disappeared when the systolic blood pressure was lowered from 280 to 
190 by the administration of nitroglycerine. It is of note also that this acute drop 

in blood pressure always caused a severe headache. 

The evegrouiids were typical of hypertensive retinitis. Neither disc was 
discernible from swelling of the adjacent retina. There were numerous areas of 
recent hemorrhage and a few whitish spots were observed. Only a few retinal 
arterioles were visible. These showed marked sclerosis. Further clinical study of 
the case revealed a normal blood picture, hemoglobin 90 per cent with 4.3 million 
red blood cells per cubic millimeter. The blood urea nitrogen on several occasions 
varied between 40 and 60 mg. per 100 e.e. The urine was pale and the specific 
gravity varied between 1.010 and 1.015. It always contained albumin and the sedi- 
ment showed a few easts. The phthalein output was 50 per cent in two hours. 

During the first month in the hospital, the symptoms complained of on admission 
improved, and the child appeared so well that his parents insisted upon taking him 
home. Two weeks later, and while at home, he developed suddenly a right-sided 
hemiplegia ndth the signs of an upper neurone lesion of the seventh nerve. Two 
days afterwards he was readmitted to the hospital, but no improvement in his con- 
dition occurred. His paralysis continued, he became more and more lethargic, and 
died April 5, two and a half months after his first admission. Tlie anatomical 
diagnosis was as follows: marked generalized arteriosclerosis; arterial and arteriolar 
sclerosis of kidneys; cardiac hypertrophy (weight 475 grams); massive cerebral 
hemorrhage, left; hemorrhagic infarcts of intestines; acute splenic hyperplasia; 
edema of lungs. Microscopically arteriolar lesions were demonstrated in the kidneys, 
liver, spleen and pancreas. For the following liistological description of the kidney 
lesions I am indebted to my colleague Dr. Harry Goldblatt. One of the striking 
features is the relative absence of glomerular lesions. An occasional glomerulus 
shows fatty degeneration or focal hyalinization of the tuft, with or without adhesion 
to the capsule. The most striking pathological cliange affects the blood vessels and 
especially the interlobular and afferent vessels. In the larger arterioles there is 
mainly thickening of the intima due to cellular proliferation. In the smallest ones 
the tluekened, proliferated intima shows patchy or complete hyalinization with or 
without fatty degeneration; which shows well in sections stained with sndan III. 
The media of the smaller vessels is definitely hypertrophic but in most instances 
sliows no other pathological change. The vascular lumen is in all instances reduced 
m size and in many of the vessels it is completely obliterated. 

From tlie above account we see a case of extensive and severe dif 

man arteriosekroslsTmtholf f 

of the greater cimUation tirCesf So a 

usually insidious in its onset and t ”- * * . smallest Tessels, 

Its pathogenesis is an unsolved problem. brrs;L“latgt“o 
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the influence of such factors as heredity, the ravages of age, hj*porten- 
sion, and those changes in our environment incident to modeni civili- 
zation. When we know more about the causes of essential hjiierten- 
sion, we shall be farther on the road to the solution of the problem of 
arteriosclerosis, particularly the form that involves the smallest ves- 
sels, the arterioles. 

We have seen that statistics indicate a mounting incidence of vas- 
cular decay, particularly in middle life, but we are reminded of the 
fact that individuals are Imng longer today than ever before, and de- 
terioration of the arteries appears to be a favorite method of Nature to 
eliminate us after our biological responsibilities have been fulfilled. 
Complicating the problem and exerting an influence difficult to evalu- 
ate, are our present day efforts to thwart the law of natural selection. 

One is reminded of the proverb, “So long as more remains to be 
done, nothing seems done.” However, the canvas is being painted, a 
high light here, a shadow there, and if we are at present forced to 
speculate on the appearance of the final picture, we should be stimu- 
lated rather than deterred in our efforts to solve one of the most im- 
poi’tant and most perplexing problems with which the clinician and 
pathologist have to deal — the problem of vascular disease. 
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ER^OTC N. Wilson, M.D, A. Garbakd Macllod, M.D, and 
Paul S. Barker, AI.D. 

Ann Arbor, Michigan 

TN previous articles from this laboratory’* it has been pointed out thm. 

1 in accordance with the laws which govern the flow of electric CBuenls 
in volume conductors, the potential variations produced hy the caidiac 
muscle are very much greater in magnitude in the immediate neigh oi- 
hood of the heart than at a distance from it. It has been shown tha . 
when one electrode of the string galvanometer is placed upon the pre- 
cordium, the position of the second electrode, so long as it is distant from 
the heart, has comparatively little influence upon the form of the ven- 
tricular electrocardiogram. Attention has been called to ceiiain le- 
semblances between leads of this type$ and direct leads of the hind 
employed by Lewis and Rothschild’’ in ivhich one electrode is placed in 
actual contact with the ventricular muscle and the other upon tlic chest 
wall. In both eases the form of the ventricular complex is determined 
in a very large measure, although not to quite the same extent in the 
former as in the latter, by the potential variations of the exploring 
electrode; in both cases the muscle units "which lie nearest this electrode 
exert individuallj'' a much greater effect upon its potential than those 
which are more distant from it. 

Curves obtained hy leading from points on or near the heart to one 
of the extremities utilized in taking tlie three standard indirect leads 
may be freed from the influence exerted hy potential variations of the 
indifferent electrode by a metliod which we have recently described.^ 
When this electrode is placed upon the left leg the correction is made 
hy subtracting from eaeli ordinate of tlie recorded curve one-third of 
the sum of the deflections, measured in millivolts, inscribed in Leads II 
and II at the corresponding instant in the cardiac cycle. It is possible 
in this ivay to determine, at least approximately, the time course of tlie 
potential of the exploring electrode, and thus to eliminate any difference 
beween direct and semidirect leads for "whicli potential variations of 
the indifferent electrode are responsible. 

Schoor*” Department ot Internal Medicine, University oC Miclngan Medical 

bIo?. S Med? 193(?^' 

the^^ar^®Omn is Placet very much closer to 

^art the exploring electrode-, that which is rnnrl nearer. the 

We refer to, semidirect leads in wMch the ‘ i ^different electrode. 

precordium as precordial icc^s. ” " ® exploring electrode is placed upon the 
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So far as we are aware, tliere is no reason to believe that in direct 
leads of the type under eonsideration the exploring electrode bears any 
special relation to the ventricular muscle other than that of great near- 
ness to the fibers lying just beneath it. In direct leads from the outside 
of the exposed heart, it is true that the exploring electrode is in contact 
■with a surface which, if we neglect the thin epicardium and film of 
fluid which covers it, is bounded by a di-electric, but this factor does 
not seem to be an important one in determining the distinctive charac- 
teristics of the recorded curve. In leads from the endocardial surface 
of the heart it is not present, and Lewis and Rothschild found that flood- 
ing the pericardium with blood did not materially alter the time of the 
chief deflections obtained by leading from the immersed epicardial sur- 
face. Between direct and semidireet leads there can, therefore, hardly 
be any fundamental difference. In the latter, as compared to the former, 
the exploring electrode is more distant from the heart as a whole. Its 
distance from the nearest muscle units is absolutely greater and rela- 
tively greater in comparison with its distance from other parts of the 
heart. The potential of the indifferent electrode exercises a relatively 
larger influence in semidireet than in direct leads. Apparently, these 
are the only respects in which the two methods of leading differ mate- 
rially. Suppose that we were to start with a direct lead and gradually 
move the exploring electrode away from the surface of the heart, elec- 
trical contact being maintained by surrounding heart and electrode 
with a medium of approximately the same specific conductivity as the 
bodj’^ tissues. The form and amplitude of the recorded deflections must 
then change in a continuous manner ; I’apidly at fii’st, but more gradually 
as the distance of the electrode from the heart ijicreases. Since moving 
the exploi’ing electrode awaj' from the heart tends to decrease the in- 
fluence exerted bj' the muscle units with which it was originally in con- 
tact and to increase relatively the influence of the muscle units Ij'ing 
adjacent to them, it is clear that when the area of cardiac surface over 
which similar potential variations occur simultaneously is extensive all 
resemblance between the deflections of the direct and those of the final 
semidireet lead ■\\dll not be lost until the distance of the exploi’ing elec- 
trode from the heart is comparatively great.* 

This line of thought and the chai*acter of the ventricular deflections 
in precordial leads led us to suspect that there might be a close relation 
between tlie form of these deflections aiid tho.se whieli would be obtained 
by leading directly from the underlying portions of the ventricular wall; 
and consequently that, by the use of such leads, the general order of 
ventricular excitation in man might be determined directly. Even if 
this suspicion should prove unwarranted, it seemed probable that a coin- 
parison of the ventricular deflections obtained by semidireet leads in 
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EXPERIJIENTAL OIJSEUVATIONS 

Oewral 3[c1ho<ls.-U the experiments to l.e (lescriheil no 
do-s of large sixe. They ivcre Mly ancsthctixed witli sodimn amyta 
given intravenonsly." The, heart was exposed l)y splitting the slcimnn 
and opening the pericardial sac. The cleelrodes employed tor standard 
indirect leads were small copper dishs .sewed under the skmi for direct 
and seniidircot leads wc used glass tuhes of 3 or 4 nim. boro stoppered 
at one end with salted kaolin or gelatin and filled with copper siilpliate 
solution into wliicli a bright copper wire was tbrusl. The nctnnl con- 
tact with the heart in direct loads was made hy fat -free wool parlially 
imbedded in the kaolin or gelatin plug and moistened with normal salt, 
or Ringer’s solution. To hold this in place and to protect the. sniiaee 
of the heart from injury a small piece of soft, ruhher tubing was slipped 
over the end of the glass tuhc.t 

Two Einthoven galvanometers coupled together in tandem enabled ii.s 
to take a direct or semidireet lead and a standard indirect lend .simul- 
taneously. In taking the former the exploring electrode wa.s attached to 
the right-hand terminal of the galvanometer; the indifi'eront electrode 
was placed on the left hind leg. The arrangement was Iherefoia? such 
that relative negativity of the exploring electrode produced an ujiward 
deflection in the completed curve. Lend I was used as the standard 
lead; in recording this the galvanometer was employed at the normal 
sensitivity; a deflection of 1 cm. per millivolt. For the direct or semi- 
direct leads the sensitivity of the galvanometer varied in dilTerenl in- 
stances from one-fourth to onc-twenticth of the normal. 

To produce bundle-bra ucli block we employed tlic method used hy 
Lewis,® and by Wilson and Herrmann a small knife blade was thrust 
through the ventricular wall and tlie bundle branch cut or injured l\v 
pressure with the back ol; the blade. The location of the cut or injury 
was determined at the end of the experiment. 

For measuring the time intervals of our curves we, have employed 
the record measuring machine devised by Captain B. H. Elliott and 
manufactured by the Cambridge Instrument Company. 

A Typical Experiment.—Wa may describe as typical of onr usual 
method of procedure an experiment performed on January 24 1930 
The dog was a large, bull terrier. Pig. 1 (Curve 621) .shows Loads I 
and III taken simultaneously before the chest was opened. The licart 
was ful ly exposed in the usual way and then covered completely with 

tSuch electrodes^are^not 'onen^ Paraly.sis. 
them are placed in contact xvtn, strictly nonpolaiizablc. If two of 

Ft™'nals of the string galvanometer 'an c counectefl with the 

feet will cause evident over^motme’flnl tn «Padenly introduced 
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a large pad of gauze, about 1.5 cm. in tbiekiiess, soaked in warm normal 
salt solution. A serie.s of curves was then taken by leading from various 
points on this pad to the left leg. (Fig. 2, left hand column.) Through 
an error in attaching the lead wires these curves were taken in sucira 
way that relative negativity of the leg electrode rather than the explor- 
ing electrode juelded an upward deflection. In taking the first curve 
the exploring electrode was placed in contact with that part of the pad 
which rested upon the right basal margin of the heart. 'With each suc- 
ceeding curve it was moved downward and to the left toward the cardiac 
apex a distance of approximately 2 cm. The final curve was taken from 
that part of the pad Avhieh lay upon the apex of the left ventricle. The 
galvanometer was employed at one-fifth the normal sensitivity; that is 



Fig. 1. — Experiment of Jan. 24, 1030. No. G21 ; Leads I and HI before opening 
the dog's chest. Xo. G25 ; Leads I and HI after pressure upon the right branch of 
the His bundle. >ro, C32 : Leads I and HI after section of the left branch of the His 
bundle. 


to say, the tension of the string was so adjusted that 10 millivolts pro- 
duced a deflection of 2 cm. 

After this series of curves was obtained, the pad was removed and 
two attempts were made to produce right branch block by pressing upon 
the right branch of the His bundle with the back of a small knife blade 
thrust through the wall of the conus just below the pulmonary valve. 
The second attempt was apparently .successful ; the resulting change in 
the form of the electrocardiogram in Leads I and III is .shown in Fig. 1 
(Curve 625). The heart was again covered with the gauze pad and an- 


Fig. 2. — Experiment of Jan. 24, 1930. Each column show.s a seric.'; of five semi- 
direct leads taken tlirougli a pad of gauze placed upon the exposed heart and recordw 
.simultaneouslv with Lead I. I.eft-hand column; Taken while fl'e cardiac mechanism 
w.a.-^ normal. 'Hie .semidiroct leads are upside down (.«ee text). Hie .«ensltivit> o£ tne 
galvanometer wa.*; normal for I><'ad I and one-fifth normal for the «c'nidircct leads 
Middle column: Richt branch block is pre.^ciit. The sen.ytivity of the gaKanomet r 
was one-fourth normal for the semidirect leads, nipht-hand column. Left brnnen 
block l.s present. The sensitivity of the galv.mometer ^ya.s yac-fifth norm.al for the 
thnx- and one-twentieth normal for tite last two semldircct lead.---. The 
curve gives the interval in seconds by which the chief upstroke of the 
follow.s the onset of R In Lead J. Tiie time marks on tlie cur\-es indicate Intervals ot 
0.2 second. 
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other series of semidirect leads %vas taken in the same manner as before, 
except that the lead -wires -were now properly connected so that relative 
negativity of the exploring electrode produced an upward deflection. 
These curves are shown in Fig. 2 (middle column). Of the five curves 
taken only the last was from that part of the pad overlying the left 
ventricle. The part of the pad from which the first curve was taken lay 
beyond the ati’ioventrieular groove. The galvanometer was used at one- 
fourth the normal sensitivity. 

Shortly after these curves were taken the right branch of the His 
bundle began to recover and within a few minutes the electrocardiogram 
had returned to the normal t 3 ''pe. Two attempts were then made to cut 
the left branch; the second was apparently successful; the form of the 
resulting electrocardiogram in Leads I and III is shown in Fig. 1 
(Curve 632). The gauze pad was then reapplied and a third series of 
semidirect leads was taken as before. The first three curves were taken 
- with the galvanometer at one-fifth the normal sensitirity ; in taking the 
last two curves, however, the sensitivitj’- was reduced to one-twentieth 
normal in order to keep the large downward deflections of the semidirect 
and the upward deflections of the standard lead both on the narrow 
film. 

A short time after these eiu’ves Avere taken complete heart-block dc- 
A’-eloped ; the heart gradually dilated and the animal died. Examination 
of the right side of the ventricular septum showed two large subendo- 
cardial hemorrhages, one on either side of the main stem of the right 
bundle branch about one centimeter above the base of the anterior papil- 
laiy muscle. Examination of the left side of the septum showed a deep 
gash which obviouslj- seveivd the main stem of the left bundle branch 
completeh’. It laj’- just beneath the aortic valve and one of the valve 
cusps had been cut at its base. Tlie resulting high-grade aortic insuf- 
ficiencA' Avas probablj* partly responsible for the final dilatation of the 
heart. 

Additional Ohsei'vaiions . — In Fig. 3 AA'e shoAv some cuiwes taken dur- 
ing an experiment performed on JanuarA’ 17, 1930. Curve 602 shoAvs 
Leads I and III taken after section of the left bundle-branch just beloAv 
the aortic A'ah'es. Cuiwc 603 sIioaa's Lead I and a direct lead from the 
right central region ; Cuiwe 604 sIioaa’S Lead I and a direct lead from 
the left apex. After the.se cuiwes AA-ere made the heart Avas covered 
Avith a pad of gauze soaked in Avarm normal .salt solution and a serie.s 
of fiA'e semidirect leads Avas taken as in the experiment prcviouslA* dc- 
.seribed. The curA’cs .shoA\m in Fig. 3 (Cur\-es 605-1-3-5) arc the first, 
third, and fifth of this series. The sensitiA'ity of the gah’anometer Avas 
unfortunately not recorded; it Avas probably one-tenth or ono-lAven- 
tieth normal for the direct leads and one-fourth or one-fifth normal for 
the semidirect lead.s. The indiflerent electrode Avas placed on the loft 
hind leg. 
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msciption of JSxveMal 0 ,.™«.-With regard to «.e form aod 
vf T. t1,B eurves Tvhich tliey obtained by leading directly from 

r— “tolbe ebe^ ivall. Lewie and EotbseMld- niabe 



3.— Experiment of Jan. 17, 1930. 



tbe Mlowing statement: “The lonn of the enryes taken directly ft™ 
the rentiiele by a single contact is yariaWe, The majority of suel 

ZTrw' T millivolts). Tlii 

dip IS .datively slow and usually unbroken, but it may be notched; i 
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lepresents the first or extrinsic deflection. There may be a return to 
the base line before the intrinsic deflection is recorded, but more com- 
monly, the onset of the intrinsic deflection terminates the dip. The up- 
stroke is ahvays very abrupt, and the recorded ima^e of the fiber is con- 
sequently faint. Its amplitude, measured from its point of oriuin. is 
ahtays considerable (10-80 millivolts).” 

The curves obtained by semidireet leads maj' be described in very 
similar terms. These curves also sho-\v an initial dip of variable extent 
(1-20 millivolts), ■which is relatively slow and may be unbroken or 
notched. It is sometimes preceded by a small upright deflection and 
this is also true of the coi-responding deflection of direct leads. This 
initial dip is followed by an abrupt iipward movement of considerable 
amplitude (5-20 millivolts), which is ordinarily the steepest deflection 
of the ventricular complex. ''i\Tien this chief upstroke occurs early, it 
usuallj' carries the string far above the base line; in such cases the 
initial do'wnward movement is ordinarily of small amplitude, but there 
are occasional exceptions to this rule. Wlien the chief upstroke occurs 
late, it usually carries the string only to the base line or a little way 
beyond it; in such cases the initial downward movement is of large am- 
plitude. Although the upstroke under consideration is generally by far 
the sharpest deflection of the ventricular complex, being depicted by 
the thinnest line because it is written by the most rapid movement of 
the string, it is sometimes little, if at all, steeper than the other deflec- 
tions. In some instances no deflection of this character is present. 

The chief difference between the curves obtained by direct leads and 
those obtained by semidireet leads lies in the voltages which are on the 
average much greater in the former. There is also a difference in the 
relative steepness of the chief upstroke which is greater in direct leads, 
permitting the more certain identification of this deflection. 

We may now examine the curves illustrated in Figs. 2 and 3 in gi’catcr 
detail. In the case of the undamaged heart (Fig. 2, first column), the 
curves from that part of the gauze pad which lay \ipou the right ven- 
tricle (2, 3, and 4) show a chief upstroke (actually a doAvnstroke be- 
cause of the error in connecting the lead wires previously mentioned) 
which comes early, about 0.007 second after the onset of R in Lead I. 
In the single curve (5), taken from that part of the pad which lay upon 
the left apex, this deflection comes a little later; about 0.028 second after 
R. In the first curve, which was taken from that part of the pad which 
lay above the atrioventricular giwve, the ventricular deflections arc 
small. 

When i-ight branch block was prc.sent, the chief u])stroke of those 
curves which were taken from that part of the jmd Avhieh lay upon the 
riuht ventricle (2. 3. and 4) begins late; about 0.0.5 or O.OG .second after 
the on.-^ot of R in Load I. The single curve taken from that part of the 
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Bad wliich lay upon the left apex (6), on the other hand, shows an caidy 
£ uS^^, Which hegins ahont 0018 second ato^ onset oiB, 

the chief -apstroke is carlj" 


chief Epstroke, -which 
In the fo-QT 
U), hut of 


Tn the fourth curve of this series tuu - - . > 

^ Lall amplitude, a second smaller and mor-e gradual ,np. 

stroke occurs late (0.39 second after R). It may be mrt he™ 

frequently’- obtained from that pait 


that curves of transitional type were _ ^ 

of the pad which lay near the interventricular groove; in such cunes 

there were sometimes two prominent upstrokes, one early, the other 
late; in other instances there was no chief upstroke at all; and m still 
others the chief upstroke fell in a position intermediate between its 
position in the curves taken more toward the right base and that which 
it occupied in those taken more toward the left apex. It will be noted 
that the chief upstrokes of the first three curves of this scries do not 
rise above the base line; the ventricular complexes resemble in general 
form the ventricular complexes of Lead I. 

Turning now to the left branch block series, we find that in those 
curves (1, 2, and 3) obtained by leading from portions of the pad that 
lay upon the right ventricle the chief upstroke is early (practically 
synchronous with R of Lead I) and carries the fiber far above the base 
line where it remains throughout the remaiuder of the QRS interval. 
These complexes resemble in general form the ventricular complexes of 
Lead I. In the last curve of the series (5), which was taken from that 
part of the pad which lay upon the left apex, the chief upstroke is 
late (0.053 second after R) and rises only a little way above the base 
line, so that the ventricular complex is of the opposite type. The fourth 
curve is of the transitional ty^ie; the chief upstroke occurs about 0,025 
second after R. 

The curves shown in Pig. 3, which wore obtained from a second animal 
with left branch block, may be compared until those just described. The 
complexes obtained by leading directly from the right central region 
(Cmwe 603) and those obtained by scmidirect leads from that part of 
the pad which lay upon the right ventricle (Curves 605-1-3) are very 
smilar in form. The chief upstroke occurs at approximately the same 
time 111 both. The resemblance betiveen the complexes obtained by lead- 
»g directly from the left yentricle and those ohtamed from that part 

of the pad wlueh lay ppon it is less strikmg. The latter complexes are 
of the transitional type. 

0«n»Mfe._The experiments described show without question that 
when buudle-braneh hloek is present the chief apstroke of the Tcntricti- 
ar complex in semidirect leads is early when the exploring electrode 
s placed doM to the -central surface of the contralateral ventricle and 
ate when this electrode is placed close to the surface of the homohterol 

ter case it usually remains below the base line thronghout Hie grtato 
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■With reference to the intrinsic deflection in direct leads from the yen- 
trilfin t hi h only one electrode (the exploring electrode) teas placed 
noon tta mul, tire other (the indifferent electrode) being m contact 
ndth the chest wall, it was shown that the time of this deflection, wi 
reference to the deflections of Lead II, was not altered by moYing the 
indifferent electrode. It was also demonstrated that the intrinsic de- 
flection fell later and later as the exploring electrode was moved np 
the conns arteriosus, and that it disappeared when the muscle boundary 
at the junction of conus and pulmonary artery was crossed. 

We have repeated these last experiments. In leads from the conus 
arteriosus the ventricular complex ordinarily begins with a small up- 
ward deflection followed by a sharp and deep dip. This dip is termi- 
nated by the onset of the intrinsic deflection which carries the string 
back to the base line or a little way beyond it. The intrinsic deflection is 
late. When the exploring electrode is moved across the muscle border 
on to the pulmonary artery, the form of the ventricnlar complex changes 
and the chief upstroke is early. This procedure is not equivalent to 
moving the exploring electrode away from the heart along a line normal 
to its surface, for it involves placing this electrode opposite an open- 
ing, the valve orifice, in the ventricular wall. We have pointed out 
elsewhere® that the potential of any point in the body, in so far as it is 
influenced by the heart beat, is determined theoretically according to 
the following equation ; 

V = 

where y is the potential of the point; 0, a constant; and Q, the solid 
angle subtended at this point hy the surface which separates active from 
resting muscle. This angle is positive or negative according as the 
positive or the negative side (resting or active side) of the surface in 
question faces toward the apex of the cone which defines it. Through- 
out the greater part of the QHS interval a point on the pulmonary 
arteiy near the valve and one on the conus arteriosus must lie on oppo- 
site sides of this surface and must liave potentials unlike in sign. The 
former facing toward the interior of the heart is on the negative side; 
it heeomes negative early and remains so until the greater part of the 
ventricular muscle has passed into the active state. The latter remains 
negative only until the activation of the subendocardial muscle of the 
conus places it on the positive side of the active-resting surface. 

Lewis and Eothschild® mention that when the exploring electrode is 
itiodueed into the ventricular cavity an early reading (i e an earlv in 
deflection) is obtained enen when the electrede Is “t “ 

TiiisTbsawrtm °wSb' through the blood, 

no nreans peenliar to direct leTds “ ' 
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In the case of the auricular muscle semidirect leads jdeld no sharp 
deflections. We have pointed out that when, starting with a direct lead 
we move the exploring electrode away from the heart wall through a 
conducting medium, we tend to decrease the influence of the muscle 
units with which it was originaUy in contact and to increase relatively 
the influence of the muscle units that surround them. The effect must, 
be somewhat, although not exactly, the same as that produced by in- 
creasing the size of the electrode. It is clear that the potential of the 
electrode at any instant must be determined by the mean potential of 
the area with which it is in contact. If the potential of some points of 
this area is changing in one direction and the potential of other points 
is changing in the opposite direction the potential of the exploring elec- 
trode may remain nearly stationary. In the ease of the auricle, increas- 
ing the size of the exploring electrode causes a rapid degradation of the 
recorded curve with a disappearance of all sharp deflections, because 
such neighboring points as ai-e arranged radially with reference to the 
sinus node pass through similar changes in potential, not simultaneously 
but in succession, displaying similar potentials when they bear a simi- 
lar relation to the crest of the excitation wave. No similar effect occurs 
in the case of the ventricle. Here the excitatory process spreads outward 
through the ventricular wall and all points over relatively large areas 
pass through similar potential levels at the same time. At any instant 
the average potential over a small area and the average potential over 
a large area are therefore very nearly equal. 

CLINICAL OBSERVATIONS 

For precordial leads we employed small copper disks, about one inch 
in diameter, which were soldered to binding posts. The sldn was cleaned 
with alcohol and with soap and water. The electrodes were smeared with 
a commercial preparation manufactured for use in diathermy treatments 
and were held in place with adhesive tape. Four or five electrodes were 
arranged diagonally across the precordium, the first being placed, as a 
rule, to the right of the sternum in the third or fourth intercostal space 
near the right border of cardiac dullness, and the last beyond the left 
border of dullness in the region of the apex beat. The indifferent elec- 
trode was placed on the left leg. The galvanometer was employed at 
approximately one-half the normal sensiti\dty and Lead I was recorded 
simultaneously with each precordial lead. 

The exploring electrode was, of course, considerably further from the 
surface of the heart in these leads than in the semidirect leads employed 
in our animal experiments. In order not to increase the distance to an 
extent that would make comparison hazardous, we chose, in so far as 
possible, patients of slight build, avoiding the obese and the emphy- 
sematous. It should be noted that the left ventricle is much less favor- 
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ably situated for our purpose than the right. Tlie surface which it p - 
sents anteriorly is small in extent and is covered by a relatively thick 
layer of tissue. Leads from the central precordium, winch overlies the 
anterior surface of the right ventricle, are therefore of more value for 
comparison with the experimental leads than those from the region of 
the apex beat or beyond. It is naturally not possible to say precisely 
where the interventricular groove lies with reference to the landmarks 
of the anterior chest wall in any given case, since this must depend upon 



Pig:. 4. — Case 1. Leads I and II on the loft; Leads I nnd III on the right. The 
electrocardiogram is of the normal type. 





the position of the heart and the relative size of the two ventricles. By 
arranging a number of electrodes along a line approximately at ri^ht 
angles to this groove, this difficulty is to a large extent avoided. It is 
possible however, that in some instances our Hue of electrodes was not 

extended sufficiently far to the left to obtain semidirect leads from the 
left ventricular surface. 


Case 1. — ^The patient was 
rheumatic fever and chorea, 
largement of the heart and 


a boy, aged seventeen years, who gave a history of 
On examination tliere was questionable slight en- 
a soft systolic murmur at the apex and at the base 
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There a third sound in early diastole at the apes. Slight 
ment of the mitral valve was suspected. Tlie clectroc.-irdiograni rvas of the 3 oiinal 
Tpe Four precordial leads wore tahen: (1) from the right sternal edge 

af the fomtl! costal cartilage,- (2) from the left sternal edge at the forudh co.stal 
cartilage; (3) from a point midway between (2) and (4); (4) from the fift i 
costal space iust beyond the nipple line. The curves are shomi in Pig. a; m the 
first three the onset of the chief upstroke is relatively early (0.007 to 0.014 .second 
after the onset of B in Lead I) and the preliminary doivnwnrd inovoment of the 
fiber is of small amplitude. In the fourth curve the dorvnward movement is large 
and the upstroke is later (0.032 second after K). These curves may be compared 
with those shown in the left-hand column of Pig. 2. 


Case 2.— The patient was a man, aged sixty-one years, with a hi.sfory of long 
standing hypertension (systolic blood pressure — 22o mni. Ilg) and cardiac weak- 
ness with shortness of breath, engorgement of the liver, and cdenui. 'piC heart 
was greatly enlarged; there wore no valve lesions. The elect roeardiogrnrn showed 
typical bundle-branch block of the common type (Pig. 0) with a QRS interval of 
approximately 0.169 second. A series of five precordial leads was taken: (1) from 
the right sternal edge in the fourth intercostal .space; (2) from the left .sternal 


Table I (Case 2) 


I n ir (cal) in a be- 

TlilE Vp -Vj+Vp -V, -Vs+Vp -Vo GUEES 


0.0 

0.0 

0.0 

0.0 

0.0062 

1.0 

-2.0 

-3.0 

0.0124 

3.1 

-9.0 

-12.1 

0.0186 

5.6 

-39.0 

-24.6 

0.0248 

8.4 

-10.0 

-ISA 

0.0310 

3.3 

12.0 

8.7 

0.0372 

2.3 

55,0 

52.7 

0.0434 

-11.1 

75.0 

86.1 

0.0496 

-18.2 

84.0 

102.2 

0.0558 

-21.3 

87.0 

108.3 

0.0620 

-21.0 

91.0 

112.0 

0.0682 

-22.1 

103.0 

125.1 

0.0744 

-24.7 

91,5 

116.2 

0.0806 

-27.5 

92.0 

119.5 

0.0868 

-32.4 

04.5 

126.9 

0.0940 

-36.8 

91,0 

127.8 

0.1002 

-39.3 

83,0 

122.3 

0.1064 

-36.4 

72.0 

108.4 

0.1126 

-83.8 

55,0 

88.8 

0.1188 

-31.2 

45,0 

76.2 

0.1250 

-26.5 

34.0 

60.5 

0.1312 

-24.6 

26.0 

50.6 

0.1374 

-21.5 

21.0 

42.5 

0.1436 

-18.4 

IG.O 

34.4 

0.1498 

-13.6 

11.0 

24.6 

0.1560 

-10.9 

6.0 

16.9 

0.1620 

-9.5 

1.0 

10.5 

0.1682 

-5.9 

-4.0 

1.9 

0.1744 

-1.7 

-9.0 

-7.3 

0.1806 

-0.2 

-15.0 

-14.8 

0.1868 

3.8 

-18.0 

-21.8 


0.0 

0.0 

0.0 

0.0 

-1.0 

0.0 

0.0 

-3.1 

0.0 

10.0 

4.4 

3.5 

11.7 

3,3 

3.9 

-1.7 

-5.0 

15,9 

-17.0 

-39.3 

11.5 

-51.5 

-40.4 

19.2 

-86.6 

-68.4 

25.4 

-115.0 

-93.7 

30.0 

-137.0 

-116.0 

32.4 

-153.0 

-130.9 

33.S 

-176.0 

-151.3 

37.0 

-195.0 

-167.5 

42.5 

-198.0 

-165.6 

47.7 

-202.0 

-165.2 

51.6 

-218.0 

-178.7 

50.0 

-198.0 

-101.6 

44.7 

-183.0 

-149.2 

40.0 

-170.0 

-138.8 

35.4 

-137.0 

-110.5 

31.G 

-113.0 

-88.4 

26.2 

-85.0 

-63.5 

21.G 

-63.2 

-44.8 

20.0 

-48.2 

-34.6 

17.7 

-25.0 

-14.1 

15.4 

-6.7 

2.8 

13.1 

16.7 

22.6 

8.0 

40.0 

41.7 

2.3 

43.0 

43.2 

-2.3 

45.0 

41.2 

-5.4 


-2.9 

0.0 

0.0 


0.0 

1.5 

1.5 

90 

4.4 

4.G 

4.6 

90 

10,2 

.9.2 

7.7 

81 

12.5 

14.6 

10.7 

75 

S.l 

S.4 

1.5 

39 

0.7 

2.3 

-9.2 

-21 

-7..8 

-7.0 

-26.2 

-45 

-14.7 

-14.6 

-40.0 

-51 

-16.2 

-17.0 

-47,0 

-51 

-33.0 

-15,3 

-47.7 

-4S 

-14.7 

-30.2 

-50.0 

-48 

-17.6 

-18.5 

-55.5 

-49 

-21.3 

-20.0 

-62.5 

-48 

-22.8 

-24.S 

-72.5 

-50 

-29.4 

-29.4 

-Sl.O 

-51 

-30.2 

-34.0 

-84.0 

-54 

-28.6 

-32.3 

-77.0 

-55 

-26.5 

-30.7 

-70.7 

-56 

-24.3 

-29.6 

-64.0 

-58 

-22.0 

-23.9 

—55.5 

-56 

-20.6 

-23.8 

-50.0 

-58 

-18.4 

-21.4 

-43.0 

-60 

-15.4 

-17.6 

-37.G 

-58 

-12.5 

-11.5 

-29,2 

-53 

-10.3 

-8.2 

-24,6 

-49 

-7.3 

-7.7 

-20.8 

-51 

-6.6 

-4.6 

-13.1 

-50 

-2.9 

-1,5 

-3.8 

-53 

-0.7 

-1.0 

0.8 

-170 

0.0 

3.1 

8.5 

129 
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r4)ton SJl" r r“,t S 

second after the onset ofE^I eld n' ,'« « <>07-O.OOS 

I in form Tti th +1 • ^ ^ ^ complexes resemble those of Lead 

J ^ f upstroke is deeply notched: the chief nn 

^\ard movement occurs about 0.053 second after E. \h„ i t. ^ 

-eronira litTwa; 

_ In order to shoy that potential variations of the indifferent electrode were not an 
important factor m determining tlie form of the ventricular complexes of these pre- 
cordial^ leads VC have computed the potential variations of the first and fifth 
points investigated. The numerical data are given in Table I. The original curves 
vere enlarged about five diameters hy optical projection, traced on coordinate paper, 
and measured. All measurements are expressed in units of 0.02 millivolt. We give 
the potential values corresponding to instants separated bj- equal time intervals. The 
table pves in order the potential of the left leg (Vr); the recorded and corrected 
potentials of Points 1 and a ; and the measurements of the ventricular complexes of 
the standard leads. In the case of Lead II we give both the measurements of the 
recorded curve and the values calculated by adding the deflections of Leads I and 
III. In the last column of the table the angle a which defines the position 
of the electrical a.\-is is given. It ivill be noted that during the early part of the 
QES interval there is a counter-clockwise rotation of the electrical a.xis of the type 
described by Lewis* in cases of branch block of the common type. While the po- 
tential variations of the indifferent electrode are by no means without influence upon 
the form of the precordial curves, the elimination of this influence does not materially 
alter the general outline of the ventricular complex or the tinm of occurrence of the 
chief upstroke. 


Table II 


Case 3 

Case 

7 

TIME 

Vr 

-Vj+Vr 


-Vi+Vp 

-v. 

TIME 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 0 

0 0 

o.oos 

0.6 

- 10.0 

- 10.6 

- 4.0 

- 4.6 

0.0098 

- 0.6 

0.016 

4.0 

- 34.0 

- 38.0 

- 16.0 

- 20.0 

0.0196 

- 0.6 

0.024 

4.6 

- 56.0 

- 60.6 

- 34.0 

- 38.6 

0.0294 

2.3 

0.032 

3.3 

- 70.0 

- 73.3 

- 50.0 

- 53.3 

0.0392 

16.0 

0.040 

- 4.0 

- 84.0 

- 80.0 

- 66.0 

- 62.0 

0.0490 

54.0 ' 

0.048 

- 18.3 

- 94.0 

- 75.7 

- 80.0 

- 61.7 

0.0588 

78.0 

0.056 

- 29.6 

- 76.0 

- 46.4 

- 82.0 

- 52.4 

0.0686 

85.0 

0.064 

- 28.0 

- 10.0 

18.0 

- 82.0 

- 54.0 

0.0784 

62.0 

0.072 

- 29.0 

16.0 

45.0 

- 84.0 

- 55.0 

0.0882 

33.3 

0.080 

- 34.0 

40.0 

74.0 

- 86.0 

- 52.0 

0.0980 

5.3 

0.088 

- 41.3 

30.0 

71.3 

- 90.0 

- 48.7 

0.1078 

- 5.0 

0.096 

- 53.3 

- 26.0 

27.3 

- 78.0 

- 24 . 7 ' 


- 15.0 

0.104 

- 51.0 

- 40.0 

11.0 

- 50.0 

1.0 

0.1274 

- 12.6 

0.112 

- 39.0 

- 16.0 

23.0 

- 26.0 

13.0 



0.120 

- 29.6 

0.0 

29.6 

0.0 

29.6 



0.128 

- 9.0 

2.0 

11.0 

10.0 

19.0 



0.136 

- 0.6 

4.0 

4.6 

16.0 

16.6 



0.144 

0.6 

4.0 

3.4 

18.0 

17.4 




All measurements are given in units of 0.02 millivolt. 

Vp is the potentiai of the left leg. 

-Va+Vp is tile deflection in precordial Lead HI as recorded ; -Vx+Vp is the deflection 
in precordial Lead V as recorded. 

Va is the potential of precordial point 3 ; Vi, the potential of precordial point 4. 
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strolces; in the fourth curve the chief upstroke is very late (0.102 second after El 

tlie potential variations 

of the third and fourth points investigated. The numerical data appear in Table 
II. \Jiile the recorded ventricular complexes are considerably altered by this cor- 



Piff. 10. — Case 4. Leads I and II on the left and Leads I and III on the right. 
Bundle-branch block of the common type ^v^th a QRS interval of 0.14C second. 



jrlg 11 . — Case 4. A series of five precordial leads. In the semidirect leads one 
millivoit produced a deflection of 5.5 mm. in Lead I, 5 mm. in Leads II, III, IV, and V. 

rection, their chief features remain. It is obvious that similar correction could not 
significantly change the form of the complexes of the first two leads. 

Case 4. — The subject W'as a man, aged sixty-seven years, with general arterio- 
sclerosis. The heart was definitely enlarged; and there was a harsh systolic murmur 
both at the apex and at the base. The blood pressure was moderately raised 




WILSOX, KT AI..: VKXTfaCAI- KX(nTATU)N 


non 

• > w'l 


n-iO/SO) Thm> W.-1S ...iUl ranlia'’ Tl.i- 

Sotcd n-mL br».,d, of (1.0 oom,.,.... Or 0->l. 1") " 

ut the riRht sternal n.arfrin; (2) fnm, the fifth eostal 

margin; (3) from the fifth intercostal space -t or .. cn. from the lef « ' nul n. r 
lin: (4) from the ape. (fifth intercostal space 2 cn. inshle the untermr om la , 
line)- (f.^ from the sixth intercostal space in the anterior ux.llary lu.e. These 
curve’s are shown in Fig. 11; the chief upstroke is obviously early in the Jirst tnu 



fibrillation is present, ^he fl/sl'cmnp\o'x* or'oaeb'b''"^'V^'* r t'ctow, Amii'vilur 

two comploxe.s are clianactcr silc of bram-?/ , r i normal lyiie. ’I’lie Inst 

Of the narrower complcx^m«mures ^0 in lotm-val 
O.lSt) second. ^ v.v.’s’ M.i.nnu , inai fir Uir hmaelor f'ojnp)f*Xf\*i, 


llmr'’ /n nf •'‘Oiall a.nplitiule 

sharp doflections; nevertheless, the principal upstroke is later. 

Ca.se .).~The patient w.-is a hoy, aged seventeen vear.s, ■with tvnieal 
and auricular fibrillation. He gave a clour historv of rheumutie fever 
trocardrogram two types of ventricular complex'os tieeurrod. duriue 

sliebr'^-^ ventricular complexes wore Jf the tv 

• g t right ventricular preponderance (Ql{f5 interval 0 000 -o 


and .show no 

mitral stenosis 
'. Tn the elec- 
period.s when 
'•po suggesting 
M'hencver the 
interval, 0 . 1 ,'tn 
I'runch hloek 






i:t ai..: .-entrical excitatios 


325 


at. . from the fourth intercostal space 
(FiK. V2). rive prceorilial leads were taken. ( ^ of the 

just to the riKht of tlic riKht horder o , of the sternum 

ripht stcrnnl inarRin) ; (2) from •'* Ij”’" j intercostal space just to 

„t the level of the ^ the pedut of maximum pulsation; (5) 

the riRht of the left nipple h , O . ^ axillary line and just beyond the 

from the seventh intercostal space m i . • ^ 

mnxinmm impulse. These curves are , ooiinent. lu the 

true In the last tivo leads the chief upstroke occurs at about the same jl 
t'hc venfricnlar complexes are of the narrow type as when they arc of the broad 
tvpe- it is rather late in both cases. It should be noted that all of the complexes 


Tablk in (Case 5) 


time 

Vr 

AIIXOBMAE 

rOMPI.EXES 

_Y.A.Vp 

AIIKOItMAE 

CO-AirfiE-VES 

-Vs Vp -Vs+Vf 

AnXORMAE XORMAE KORAfAL 

CO.AtPEEXES COMPLEXES COXfPLEXES 

-Vb 

KORJtAL 

COMPLEXES 

0.0 

0.000 

0.0 

-.1.0 

0.0 

G.O 

0.0 

0.0 

0.0 

0.3 

0.0 

• 3.0 

0.0 

2.7 

0 . 0 ] s 

-2.0 

7.0 

0.5 

-0.3 

12.0 

12.3 

0.027 

0.0 

-G.O 

-G.O 

-3.0 

3.0 

6.0 

O.O.IG 

4.1 

-3G.0 

-40.3 

-1.3 

-9.0 

-7.7 

0,01.5 

11.3 

-157.0 

-08.3 

4.0 

-27.0 

-31.0 

0.0.54 

41.3 

-OG.O 

-137.3 

15.3 

-42.0 

-57.3 

O.OG.I 

25.G 

-GG.O 

-91.G 

30.C 

-63.0 

-93.6 

0.072 

17.G 

54.0 

3C.4 

C4.6 

-51,0 

-115.6 

O.OSl 

11.3 

GO.O 

48.7 

51.G 

45.0 

-6.6 

0.000 

15.3 

GO.O 

44.7 

18.C 

0.0 

-18.6 

0.000 

17.0 

57.0 

40.0 

2.6 

0.0 

-2.6 

O.IOS 

14.0 

30.0 

25.0 

-O.G 

0.0 

0.6 

0.117 

o.O 

1.5.0 

9.4 

-2.0 

0.0 

2.0 

0.12G 

l.ii 

0.0 

-1.5 




0.1.T5 

-1.0 

-G.O 

-5.0 




0.141 

-2.3 

-0.0 

-6.7 




O.l.'iO 

-3.3 

-0.0 

-0.7 





All mcasuromoiits are piven in units o£ 0.02 millivolt. Vp is the potential o£ tlie 
loft Icp. _V:. 2 . V,. is the Ueliectlon in precortlial Lead V as recorded. Vr. is the poten- 
tial of precordial point 5. 


of the last prccordial load are of the .same form up to the point where the chief 
upstroke occurs. 

^Ve liave computed the potential variations of the point from which the last lead 
u.is tala’ll. The numerical data are given in T.able III. Although correction alters 
the form of the recorded ventricular complexes of this lead, it does not materially 
alter the amplitude or time of (ho chief upstroke. 

Case O.—The subject was a man, aged sixty-two years, Anth hypertension 
(lHl/120). general arteriosclerosis, enlargement of the heart, and myocardial Aveak- 
nc5s. No valve le.Mons were pre.^ent. The electrocardiogram showed* bundle-branch 
•h'ch of the r.are type xvith a QIb<3 interval of O.U second. Five precordial leads 
Were t.aVan; (!) from the fifth costal cartil.agc at the right sternal edge: (2) from 
S .e 11 . !h costa! cartilage at the left sternal edge; (.1) from the fifth intercostal space 
..udn.iA UM-n the leit sterna! edge and the loft midclavicular line; (4) from the 

.c.,s..d sp.u.. at the anterior axillary H„c. These curves arc shoAvn in Fig 15 
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In the first two leads the chief upstroke is late (0.097 second after the onset of 
E). In the third lead the ventricular complex is of small amplitude. In the last 
two leads the chief upstroke comes at the time that the peak of E is written and 
about 0.03 second earlier than the chief upstroke of the first two leads. 

Case 7.— The subject was a woman, aged thirty-two years, with mitral stenosis, 
wlio gave a history of rheumatic fever. There were no signs of cardiac failure; the 
heart was moderately enlarged. The electrocardiogram showed diphasic ventricular 



Fig. 14. — Case G. Leads I and II on the left; Leads I and HI on the right Bundle 
branch block of the rare type witli a QRS interval of 0.14 second. 





WILSON, ET AL;: VENTRICAL EXCITATION 


327 


comric™ a QBS interval «t 0,105 neeand. The comptees we not eon- 
splcuously notehea, but were otherwise teongly suggestive ot bund e-branel. bloek 
STe rare type. Jouv precordial leads were taken: (1) Iron, the tlnrd rntereostal 
spaee near tile right border ot the sternnml (2) trom the third intercostal space 
near the left border of the sternum; (3) from the fourth intercostal space S.o cm. 



Fig:. IG. — Case 7. Leads 1 and II on tlje left; Loads I and III on the right. Bundle- 
branch block of the rare type with a QRS Interval ot 0.105. 



I pnn‘ t’ precordial leads each recorded simultaneouslv witli 

irifi,?.;. ffSars’tf , noire in ^0™ 

on the film. ’ standardi/.ation was not recorded 


to the left of the midline; (4) from the sixth intercost.al sp.neo near the anterior 

axillary line. These curves are shown in Fie 17 Tn the flvif f i 

ventricular upstroke is late. The ventric^:"; „„.p " ‘ S e t hd le d i?%'"r 

electrode variations of the iiidfiferent 

- - 

In all of tlie eases of bundle-branch block studied tbe 
tot leads of tire series taken, those ft.™ the right and 0:::*“^ 
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of the precordium, have yielded veatrieular complexes similar to those 
obtained in the eases described; the chief upstroke of these leads has 
always been early in the common type of branch block and late in the 
rare type. These . complexes have ahvaj^s resembled those of Lead I in 
general outline. It should be noted that in so far as the potential varia- 
tions of the indifE6rhiif electrode are effective, they tend to produce a 
ventricular complex of the opposite type. 

The form of 'the complexes obtained by leading from points further 
to the left has, on the other hand, varied considerably. In branch block 
of the common tjQie these complexes Avere sometimes of small amplitude, 
and shoAved no' sliarp' deflections. Sometimes there Avas no deflection 
which could be regarded as a principal upstroke ; AA'hen such a deflection 
could be I’eeognized, it ahvays oecnrred later than the chief upstroke 
of the earlier leads of the series, but it often rose so sloAAdy as“fo make 
the eA'^aluation of its significance difficult or impossible. It may have 
been in these cases that the exploring electrode Avas too far from the 
surface of the heart 'f or our purpose, or that the investigation Avas not 
carried far enough to the left to enter the left A'entricular field proper. 

The three cases of bundle-branch block of the rare type which Ave have 
discussed are the only ones that Ave have had the opportunity of study- 
ing. It Avill be noted that although the .chief upstrokes of the precordial 
leads taken from the left side of the precordium in this type of branch 
block are early in comparison with the chief upstrokes of leads from the 
right side of the precordium in the same subject, they are relatively late 
AA’^hen compared with the earliest chief upstrokes obtained in branch 
block of the common type. This observation is consistent with the fact 
that the chief upstrokes obtained from the left side of the precoi’dium 
are later than those obtained from the right side in cases in Avhich the 
ventricular complex of the electrocardiogram is of the normal type. In 
most cases of bundle-branch block the heart is greatly hypertrophied. It 
cannot be assumed that the hypertrophy and the myocardial changes 
present are confined to the muscle of the homolateral ventricle. It is 
not surprising therefore that the earliest chief upstrokes obtained in 
eases of branch block are sometimes later than the chief upstrokes ob- 
tained by leading from the same part of the precordium in normal 
subjects. 

Wlien the complexes yielded by serial precordial leads in clinical 
bundle-branch block are compared AAotli those obtained by serial semi- 
direct leads in experimental canine branch block, it is clear that the 
common type of clinical branch block must be left branch block, not 
right, and that the rare type of clinical branch block must be right, not 
left. This conclusion is in harmony with the form of the complexes 
obtained by Barker, Maeleod, and Alexander® by electric stimulation of 
the exposed human heart. 
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It is hoped that serial precordial leads may aid in tiic solution o£ 
other problems, such as the loeation of the conduction defect in various 
types of intraventricular block,, the order of ventricular exei ation in 
Ventricular hypertrophy, and certain problems connected with the 1- 
deflection, particularly those which relate to the location of the infarctcd 
area in coronary thromhosis. We do not wish, however, to give the im- 
pression that the curves obtained by this method of leading are always 
easy to interpret. We have found, for instance, that ventricular extra- 
systoles of the type in which the most prominent detlection of the ven- 
tricular complex is downward in Lead I and upward in Lead III do 
not always jueld, as might be expected, results similar to those ob- 
tained in the rare tj^ic of branch block. Except for bundle-branch 
block, however, too few cases of any one type have been examiued to 
permit anj’ definite conclusions to be drawn at. this lime. 


suiiMAnv 


Leads in whieli one electrode (the exploring electrode) is placed close 
to the heart and the other (the indifferent electrode) at a distance from 
it are semidireet leads. In experiments on dogs serial semidirect leads 
were taken from the surface of a pad of gauze soaked in warm normal 
salt solution and laid upon the exposed heart. The galvanometer con- 
nections were made in such a wmy that relative negativity of the ex- 
ploring electrode yielded an upward dcffccliou in the completed curve. 

In animals in which bnndle-hranch block had been produced, the 
chief upstroke of the ventricular complex occurred early in those semi- 
direet leads in which the exploring electrode was close to the surface 
of the contralateral, and late in those leads in which this electrode was 
close to the siu’face of the homolatcral ventidele. In the former case 
the mean potential of the exploring electrode during tlie QES interval 
was usually negative; in the latter ease, usually positive. 

In precordial leads the exploring electrode is placed on the precordinm 
and the indifferent electrode on the left leg. 

Serial precordial leads in cases of clinical hunclle-hranch block of the 
common type yield results similar to tho.se obtained by semidirect leads 
in experimental left branch block. In the rare type of hundle-brauch 

block they yield results similar to those obtained in experimental rio-fft 
branch block. ° 


The common type of bundle-branch block is left branch block- the 
rare tjTie, right branch block. 

The chief ventricular upstroke of semidireet leads, in ivhich the ex- 
plormg e edroac is placed close to the vontricnla.- surface, correspouds 

a sinlTT! ''“‘ricks in rvl.ieh 

sin^^Ie contact is placed upon the muscle 
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the transverse diameter of the heart 

Joseph H. Bainton, M.D. 

New York, N. Y. 


'pHE 


ti'ansverse 


, diameter of the lieart’s shadow can be aecu- 

1- rately measnred by the x-ray and is both a satisfactory and a 
practical gnide for estimating the size of the heart. The left auricle may 
enlarge Avithont affecting the transverse diameter, but an increase in tbe 
size of any or all of the three remaining chambers will result in an in- 
crease in the measurement of this diameter. A definite decision as to 
whether or not a heart is enlarged can be made only if the transverse 
diameter is compared with some standard which will state Avhat the 
diameter of the heart of an individual should be if that individual s 
heart were normal. 

In 1919 DanzeF suggested the use of the cardiothoracic ratio as such 
a standard. According to this standard a heart is normal in size when 
its transverse diameter approximates one-half the internal diameter of 
the chest and is enlarged when its transverse diameter exceeds 50 per 
cent of the internal diameter of the chest. This theory is supiiorted in 
papers by Jacobs and Worster- Avho also quote an affirmative opinion by 
Lee and Holmes, and by Martin.'^ None of these articles contains de- 
tailed data in support of the validity of tliis standard, and nowhere can 
one find a control study in Avhieli a group of normal individuals were 
examined. Smith and Blaedorn* hold a contrary opinion and contend 
that “any conclusion as to the relative size of the heart based on com- 
parathm dimensions, ratios or relations to body landmarks is fallacious 
and should be applied clinically Avith great reserve. ’ ’ 

In 1926 Fred J. Hodges and J. A. E. Eyster'’’ prepared a tabic 
for the prediction of the cardiac area and the transAmrse diameter 
in any normal adult male Avliose age, Aveight and lieight arc known. The 
figures for the transverse diameter Avere derived from the formula 
TD = +0.1094 X A- 0.1941x11 + 0.8179 xW + 95.8625, in Avhich TD rep- 
resents the transverse diameter, A the age, H the height and the 
weight. The data Avere obtained from eighty sub,ieets Avho showed no 
sign of cardiac abnormality. The measurements Avere made by ortlio- 
diagraphj^. The authors concluded that if a heart is found to be 5 mm. 
Avider m its greatest diameter as predicted by the formula the chances 
are three to one that the enlargement is patliologieal. A later article by 
^ yster® states that in one hundred more cases (no mention of sex) Avhieh 
lave been added to the original series, 3 per cent exceeded the predicted 
Lansverse diameter by more than 10 per cent. A table based on the for- 
mula enables one to make a quick calculation of the predicted diameter for 
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any case and to dispense "with tlie nse of the formula which is too cumber- 
some and time consuming for ordinary clinical work. For the mathe- 
matical details the authors’ papers should he consulted. 

It must be emphasized that the table of Hodges and Eyster is ap- 
plicable to measurements obtained by orthodiagraphy only and not to 
those obtained by teleroentgenography. The measurement of the trans- 
verse diameter in the teleroentgenogi-am is always greater than the 
actual width. This excess varies in different individuals, the divergence 
of the rays being influenced largely by two factors, the size of the heart 
and the distance tliat the heart lies from the anterior chest wall and 
therefore from the x-ray plate. Paul D. ^STiite in his recent volume on 
Heart Disease estimates that in the teleroentgenogram the error of excess 
for the transverse diameter is from 0.5 cm. to 1.5 cm. (4 per cent to 12 
per cent) in normal hearts and in pathological hearts as much as 2.0 cm. 
In orthodiagraphy there are no such sources of error because only the 
direct central ray is used in outlining the heart. 

The technic employed in the present study was as foUows: The posi- 
tion of the central ray is determined and the site marked by a circular 
dot made with a black lead ijencil. This is more convenient than a lead 
marker and is just as clearly seen. The patient breathing quietly stands 
in front of the screen, the black dot, i.e., the central ra.v is made to follow 
the outline of the heart and the tracing is recorded by means of a side 
arm which moves sjmehronously with the tube and the screen. It Is 
important that the screen be moved only in the one vertical plane. 
Otherwise the central ray ivill change its position and nullify accurate 
results. For purpose of control the furthenmost points on the left and 
right borders are again marked, and if they correspond with similar 
points on the tracing, one has reasonable assurance of the correctness of 
the findings. Occasionally an accurate record caimot be made because 
of the obscurity of the apex during quiet respiration. Deep inspiration 
may visualize such an apex, but it also lengthens the heart and narrows 
the transverse diameter, which make it inapplicable in this investigation. 

In the present studj^ the actual transverse diameters fotmd in one 
hundred noncardiac males are compared with the predicted transverse 
diameters of Hodges and Eyster for these same individuals. The 
measurements of one-half the internal diameter of the chest also were 
obtained in ninety-seven of these one hundred cases and compared with 
the actual transverse diameters. The tabulations of these figm-es should 
enable one to test the validity of either standard and to compare the 
values of each. 

Seventy-five women also were examined and their cardiac transverse 

diameters studied in a similar manner. 

These 1T5 individuals comprise a successive number of ambulatory 
noncardiae patients who presented an opportunity for orthodiagiaphic 
study. None showed any evidence of heart disease or any signs or symp- 
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NO. 

AGE 

TEIGnT 

KILOS 

HEIGHT 

CM. 

1 

41 

55 

171 

2 

55 

70 

172 

3 

49 

56 

168 

4 

32 

67 

169 

5 

53 

68 

168 

6 

42 

66 

179 

7 

61 

65 

168 

8 

43 

79 

178 

9 

36 

87 

183 

10 

43 

76 

174 

11 

29 

98 

187 

12 

58 

84 

166 

13 

19 

61 

IGS 

14 

23 

62 

174 

15 

54 

65 

164 

16 

23 

64 

171 

17 

28 

55 

178 

IS 

31 

63 

169 

19 

51 

70 

161 

20 

46 

GO 

169 

21 

35 

55 

163 

22 

42 

77 

170 

23 

47 

SO 

177 

24 

22 

Go 

178 

25 

54 

78 

179 

26 

53 

77 

173 

27 

28 

60 

178 

28 

32 

69 

183 

29 

46 

86 

176 

30 

44 

93 

180 

31 

51 

74 

173 

32 

42 

77 

166 

33 

57 

87 

175 

34 

23 

67 

178 

35 

60 

67 

167 

36 

28 

63 

170 

37 

46 

59 

170 

38 

42 

78 

178 

39 

44 

■ 60 

169 

40 

31 

69 

178 

41 

46 

86 

178 

42 

53 

70 

169 

43 

29 

91 

170 

44 

19 

71 

168 


45 28 

46 39 

47 28 

48 27 

49 60 

50 27 

51 30 

52 31 

53 19 

54 26 

55 51 


10. fi 

13.8 

11. G 
12.1 
12.1 
11.7 

10.9 

13.9 
14.1 

12.3 

13.4 

14.1 
lO.G 

11.5 

12.9 

10.0 

11.5 

10.5 

12.2 
J2M 
11.0 

14.4 

15.0 

12.3 

12.0 

13.3 

10.3 

10.5 

13.7 

14.0 

12.7 

14.2 

13.8 

12.1 

12.4 

11.7 

11.1 

13.3 

11.2 

11.4 

13.9 
12.2 
14.G 
12.2 

11.6 
12.2 

10.8 
12.0 
14.2 
12.0 
13.1 

9.9 

10.5 
10.0 
11.4 


PREDICTKI) 

nrAstBTER or 
nonoE."; & eyrteu 


11.1 

12.G 

11.3 

12.1 

12.4 
11.8 
12.1 
13.0 

13.5 

12.8 

14.2 

13.7 

11.5 

11.5 

12.2 

10.9 

10.8 

11.7 

12. G 
ll.G 
11.2 

13.0 

13.1 

11.9 

12.9 

13.0 

11.2 

12.0 

13. G 
14.1 

12.8 

13.0 

13.8 

11.9 

11.3 
ll.G 

11.6 

12.9 
11.7 

12.0 

13. G 

12.5 

13.9 
12.1 
12.0 

11.5 

10.9 
ll.D 

13.0 

11.7 

13.4 
11.3 
ll.G 

10.8 

12.0 


ONE-irAEf IKTEttKAI, 
DIAMETER OP CITEST 


12.0 

11.7 

12.0 

12.5 
11.0 

12.7 

11.7 

n.s 

12.7 
13.2 

13.0 

10 o 

12.G 

11.9 

12.7 

12.7 

12.7 

13.1 

12.0 

12.1 

12.7 
11.2 
12.0 

11.7 

12.3 

11.5 

11.7 

12.5 

11.2 

13.4 

12.5 

12.5 

13.0 

12.2 

12.7 

14.0 

13.1 

12.8 

13.0 

11.5 

12.6 

11.0 
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Table I (Continued) 
Noncardiao Males 


NO. AGE IVEIGHT HEIGHT TRANSTORSE 
KILOS CM. DIAMETER 


PREDICTED 
DIAMETER OF 
HODGES & EYSTER 


ONE-HALF INTERNAL 
DIAMETER OF CHEST 


601 

28 

62 

165 

11.3 

11.6 

602 

18 

55 

179 

11.4 

10.9 

56 

22 

56 

176 

10.4 

11.0 

.57 

29 

64 

179 

10.2 

11.5 

58 

33 

60 

173 

11.3 

11.4 

59 

18 

64 

175 

11.8 

11.5 

60 

19 

62 

184 

10.5 

11.2 

61 

43 

74 

165 

13.4 

12.8 

62 

30 

72 

178 

11.2 

12.3 

63 

31 

77 

172 

13.0 

12.8 

64 

33 

90 

179 

13.2 

13.7 

65 

18 

60 

183 

10.8 

11.0 

66 

23 

67 

173 

12.0 

11.9 

67 

21 

72 

175 

10.8 

12.2 

68 

41 

59 

168 

11.6 

11.5 

69 

31 

72 

181 

12.7 

12.2 

70 

43 

66 

170 

11.9 

12.1 

71 

58 

66 

180 

12.1 

12.0 

72 

48 

70 

181 

12.0 

12.2 

73 

30 

61 

167 

10.9 

11.6 

74 

35 

55 

162 

11.1 

11.2 

75 

44 

63 

181 

11.1 

11.4 

76 

21 

71 

178 

11.2 

12.1 

77 

35 

91 

168 

13.5 

14.0 

78 

30 

70 

176 

12.3 

12.2 

79 

29 

80 

183 

12.2 

12.2 

80 

33 

76 

178 

11.0 

12.6 

81 

17 

50 

165 

9.8 

10.5 

82 

41 

SO 

174 

13.4 

13.1 

83 

60 

56 

168 

11.9 

11.4 

84 

34 

74 

180 

11.9 

12.5 

85 

34 

78 

173 

13.1 

12.9 

86 

37 

55 

168 

12.4 

11.1 

87 

26 

81 

177 

12.3 

13.0 

88 

46 

70 

171 

12.7 

12.4 

89 

45 

75 

163 

13.1 

12.9 

90 

19 

58 

171 

10.6 

11.1 

91 

47 

49 

156 

11.0 

10.9 

92 

25 

73 

179 

12.9 

12.6 

93 

49 

70 

175 

12.4 

12.3 

94 

50 

94 

171 

15.5 

14.5 

254 

24 

59 

179 

10.6 

11.0 

256 

60 

88 

176 

13.3 

13.8 

T O t> 

257 

41 

67 

166 

12.5 

12 . u : 

260 

Total 

25 

3671 

86 

6961 

174 

17345 

13.3 

1213.6 

13.4 

1221.5 

Aver - 

age 

36.71 

69.61 

173.45 

12.13 

12.21 


11.7 

12.5 

13.0 

12.6 

12.0 

12.0 

11.7 

12.0 

13.3 

13.0 

12.5 
12.9 

13.0 

12.1 

11.6 

11.8 

11.0 

12.7 

12.7 

11.0 

11.7 

12.8 

12.3 

12.8 

12.7 

13.0 

11.8 

10.8 

13.0 

11.0 

13.6 

12.3 

11.7 

13.1 

12.6 

11.1 

11.7 

11.7 

12.6 

12.2 
13.0 
12.5 

12.2 

12.5 

11.8 

1195.1 

12.32 


■oms referable to the heart. No ease rvas excluded on account of the 
nze of the heart alone, because it was thought that the exetaion o 
large or s.all heart w.u,d 
which is concerned principallj with tlie size o 


bainton 


the transverse diameter oe the heart 
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Dersons. The position of the heart, wliether vertical or horizontal, was 

not given consideration because it was felt that ^ ' 

abnormal, but probably are to a large CKtent characteristic of an m- 

dividual’s physique. 


TRANSIT2RSE DIAMETER OF THE MALE HEART 

In Table I the detailed fignres of one hundred male subjects are re- 
corded, giiung for each the age, the weight, the lieight, the traimverse 
diameter found, the predicted transverse diameter of Hodges and Hyster 
and the measurement of one-half the internal diameter of the chest. 

Table II is presented to show that this group of 100 cases is comparable 
with Hodges and Byster’s group of 80 eases. 


Table II 





AGE 

HEIGHT 

WEIGHT 

TD 

Hodges & Eyster 

80 

cases — Averages 

31.10 

175.46 

69.162 

12.17 

Present series 

100 

cases — Averages 

36.71 

173.45 

69.61 

12.13 


Table III presents in round numbers a summary of tlie variations 
found in Table I. The eases are arranged in groups in accordance with 
the amount of the variation of the actual transverse diameter from tlie 
prediction figures of Hodges and Eyster and from the figures wliich 
represent one-half the internal diameter of tlie cliest. For purposes of 
comparison the groups are bracketed. 


Table III 

VARIATION CM. 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 0.5 1.0 1.5 2.0 2.5 CM. 


From predic- 
tion figures of 

Hodges and Eyster 1- 8 15 30 3 28 9 5 1 


24% Gl% 

From internal 

diameter of chest 1 2 4 6 9 19 15 39 


15% 


12 9 4 4 


42% 


27.5% 30% 


Explanation of Table III; zero represents the standard and the fio-ures 
beneath it the nnmber of hearts which had exactly the same transverse 
diameter as that estimated by the standards. The fignres to the ri-fit 
0 zero represent the distances in centimeters above the standard and the 
fignres to the left similar distances below the standards. The number 

1™. f f variation, e.g., m twenty-eight hearts the actual trails 
veise diameter eneeeded the predicted diameter by 0.6 cm oi less in 
nne le excess was between 0.5 em. and 1.0 cm., in flyc between 1.0 ’em. 
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Table rv 

Noitcaediac Females 


ce 

S 

5 

< 

CQ 

O 

C 

S 

HBIOllT CM, 

t£i 

CO 

> ^ 

< < 
g g 

UODOKS & EYSTEE 

PEEDICTED FIO- 

UEES FOE MALES 

^ fV . .J 

w ^ o S 
§ S 

E CO 

2 o ^ ^ 

5 

§ S ^ 
g ...2; 

H « S “ 
fi 5 S S 

S 3 < g 

t. <: .5 t3 

ftJ 

g 

S ^ 

2 

S 5 ^ 
V R a 

a a D 
*3 ^ Ss( 
O 55 O 

9o 

23 

37 

146 

9.9 

9.9 

9.1 

10.1 

96 

68 

59 

167 

11.6 

11.6 

10.8 

10.1 

97 

44 

42 

146 

9.2 

10.7 

9.9 

11.1 

9S 

47 

52 

163 

10.1 

11.0 

10.2 

10.2 

99 

17 

46 

157 

9.1 

10.3 

9.5 

9.8 

100 

28 

52 

158 

9.8 

10.6 

9.8 

11.1 

101 

23 

62 

162 

10.5 

11.7 

10.9 

11.0 

102 

IS 

51 

166 

9.3 

10.6 

9.8 

12.0 

103 

31 

56 

158 

11.5 

11.4 

10.6 

11.1 

104 

27 

45 

157 

9.9 

10.3 

9.6 

10.7 

105 

30 

79 

165 

11.2 

12.9 

12.1 

11.6 

106 

33 

57 

155 

10.4 

11.2 

10.4 

10.0 

107 

39 

77 

163 

12.6 

13.0 

12.2 

11.5 

108 

31 

64 

147 

11.5 

12.2 

11.4 

10,7 

109 

24 

47 

164 

9.7 

10.0 

9.2 

10.6 

110 

30 

62 

163 

10.7 

11.7 

10.9 

10.5 

111 

31 

44 

165 

9.1 

10.2 

9.4 

11.2 

112 

42 

58 

159 

10.9 

11.6 

10.8 

10.6 

113 

37 

45 

151 

9.1 

10.7 

9.9 

10.2 

114 

22 

46 

168 

9.7 

10.1 

9.3 

12.0 

115 

36 

65 

163 

10.0 

12.0 

11.2 

10.9 

116 

16 

58 

170 

10.5 

11.1 

10.3 

11.8 

117 

28 

56 

163 

10.8 

11.2 

10.4 

11.0 

118 

24 

48 

164 

9.4 

10.4 

9.6 

11.5 

119 

22 

48 

163 

10.5 

10.4 

9.6 

11.5 

120 

33 

57 

152 

9.8 

11.6 

10.8 

11.0 

121 

50 

67 

159 

11.8 

12.5 

11.7 

10.8 

122 

27 

63 

173 

10.3 

11.6 

10.8 

11.1 

123 

35 

52 

160 

9.4 

11.0 

10.2 

11.5 

124 

24 

55 

165 

10.2 

11.1 

10.3 

11.5 

125 

26 

60 

164 

11.6 

11.5 

10.7 

12.1 

126 

36 

74 

162 

11.5 

12.8 

12.0 

11.2 

127 

36 

54 

163 

10.6 

11.1 

10.3 

— 

128 

40 

63 

159 

10.8 

12.0 

11.2 



129 

24 

77 

165 

12.4 

12.9 

12.1 

11.6 

130 

32 

68 

159 

11.2 

12.3 

11.5 

12.0 

230 

34 

63 

161 

11.3 

11.9 

11.1 

10.5 

132 

27 

S3 

168 

10.7 

13.3 

12.5 

10.2 

133 

33 

73 

162 

11.4 

12.7 

11.9 

11.6 

134 

41 

61 

163 

11.4 

11.7 

10.9 

11.1 
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In this series of one liundred male subjects the transverse diameter 
of the heart was found to be udthin 0.5 cm. of the predicted figures in 61 
per cent. Only 27 per cent fell ivithin 0.5 cm. of the measurement of 
one-half the internal diameter of the chest. 

In the group in which the question of enlargement arises, those hearts 
which are wider than the standard by more than 0.5 cm., 15 per cent of 
these supposedly normal heart.s would he coirsidered enlarged according 
to the prediction figures and 30 per cent when one-half the internal 
diameter is used as a standard. 

Twenty-four per cent of the hearts are .small, i.e., the transverse 
diameter is less than the standard of Hodges and Eyster by more than 
0.5 cm. In a corresponding bracket for one-half the internal diametei' 
the figure is -12 per cent. 

This table presents a comparison showing that the transverse diameter 
found approximates the predicted figures of Hodges and Eyster in a 
far greater percentage than it does the measurement of one-half the 
internal diameter of the chest. In fact the latter measurement is found 
to vaiy from the actual diameter in such a large percentage of eases 
that it is of questionable value as a standard in estimating abnormality 
in the size of a heart. 

TRANSVERSE DIAJIETER OF THE FEHALE HEART 

The prediction table of Hodges and Eyster was prepared from data 
obtained in the examination of male subjects only. Table IV shows that 
this standard is not applicable to this group of 75 women. However, by 
reducing the predicted transverse diameter for men by 0.8 cm. a standard 
for women is obtained. By the use of this adjusted standard it was 
found that the actual transverse diameter in the female varied from the 
adjusted prediction figures to a degi’ee which is practically the same as 
the results obtained in the examination of the male subjects. 

A comparison of the variations in the male and female groups is seen 
in Table V. 


Table T 


VASIATIOX 

2.0 

1.5 

1.0 

0.5 

0 

0.5 

1.0 

1.5 

2.0 C3I. 

Prom prediction fig- 
ures of 100 males 

1 

s 

15 

30 

3 

28 

9 

5 

1 



24% 



61% 



15% 


Prom suggested female 
standard (75 cases) 

1 

5 

11 

16 

6 

23 

12 

1 




22’.7% 



60% 



17.3% 



It is evident from Table V that in this group of 75 female subjects 
the transverse diameter of the heart is smaller by 0.8 cm. than die trans- 
vez'se diameter in a male subject of the same age, weight and height. 
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Table VI Avhicli is aiTaiiged in Ihc same way as Tables III and V 
shows that as in the male grou]), the measurement of one-half the in- 
ternal diameter of the chest varies from the actual ti'ansvei’sc diameter 
in such a large percentage of eases that it cannot Ijc used as a satisfactory 
guide in judging abnormalities of the size of the female heart. 


Table TI 


VARIATION IN FEMALES CM. ,S.O 2.0 2.0 3.0 3.0 O.O 0 0..O 3.0 ] .5 2.0 


From adjusted prediction 
figures 


From one-half internal 
diameter 


11 IG 6 2.3 32 1 


22.7% 


G0% 17.3% 

1 0 2 10 11 3.3 3 3-t 30 4 1 


41% 


3S..o% 


yr 


20 , 5 % 


yc' 


combined GKOUPS: male and femai^e 

Using the prediction tabic of Hodges and Bysten f«,- males and flic 
adjusted prediction figures for females Table VII shows flic '1111011111 
of variation from the standards for fbose 175 individiiarin n-lLro.ore 
was no reason for suspecting heart di.scase. 


Table VII 


VARIATION CM. 


2.0 


1.5 


1.0 


0.5 


0.5 


1.0 


175 cases 


3.5 


2.0 


13 


20 


46 


23.5% 


51 


23 


CO.5% 


7e 


n>% 


87% 


diameter m 60.5 per cent of tlie cases and wV! - I’lvdieted 

It was found larger by more than 0 5 cm in'lf”' 
more than 0.5 cm. in 23.5 per cent 'in tl by 

Pi^dieted figures by more than 0 5 
otal, were larger by more than'l 0 cm . nf f if ’ "’i ^ 
cent, were smaller by the same maro-i„ ' Vr f f 8.5 per 

by further studies, it is sugf^ested that ' ^ findnig.s aiv supported 

of uic predicted figures K eonsitred 
another way the average rano-P it. • sme. Expro.ssod in 
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(12 per cent) are larger than the standard h.Y more than 0.5 cm., hut 
by less than 1.0 cm. Whether or not they should be considered enlarged 
IS a question which should remain open for the present. The seven hearts 
(4 per cent) which are greater by more than 1.0 cm. in their transverse 
diameter probably should be considered definitely enlarged. 'Whether 
01 not they are pathologically enlarged is uncertain, because, as pre- 
AHOUsly stated, we have been studying only the transverse diameter of 
hearts which otherwise showed no abnormality and have excluded none 
because of size alone. It is suggested, however, that enlargement of the 
degree found in these seven subjects even in the absence of other signs 
is a definite enough abnormality to justify the diagnosis of “possible 
heart disease.”" 


COMMENT 

It is doubtful whether a more exact standard can be deidsed for esti- 
mating clinically the diameter of the human heart, which necessarily 
varies in size and capacity under ph 3 ’-siological conditions. Hodges and 
Ej'ster, however, suggest that greater accurac.y might be obtained bj’" 
emplo.ving another variable in addition to age, weight and height. If so 
it might be possible to reduce the percentages of hearts smaller bj’- more 
than 0.5 cm., 24 per cent for males and 22.7 per cent for females, to still 
lower figures. But even here the variation is not pronounced, as only 
9 per cent of the male and 8 per cent of the female hearts are smaller by 
more than 1,0 cm. 

It is worth.y of note in considering the margin of error in the practical 
application of the prediction figures of Hodges and Ej^ster that in this 
series of 175 noncardiac individuals the actual transverse diameter varies 
from the standard (using the adjusted standard for females) by more 
than 1.0 cm. in onlj'- 13 per cent, 4 per cent being larger and 9 per cent 
smaller. 

The tables represent data obtained bj’" orthodiagraph}’- and. therefore 
are not applicable to the measurements bj’- teleroentgenography. The 
articles previousl}’- referred to in this paper deal with the use of the 
cardiothoracie ratio in the teleroentgenogram onlj’- and not in the ortho- 
diagram. The literature contains no stud}’- of the application of this 
ratio to the orthodiagram. Nevertheless it has been used quite frequently 
in estimating variation in the heart ’s size as measured by orthodiagraphy. 

If, as the present study indicates, the cardiothoracie ratio is not ap- 
plicable to orthodiagraphic measurements, which are exact, it is some- 
what difficult to understand how this ratio can be an index of size in 
the teleroentgenogram where there are certain inlierent errors which 
vary with each individual patient. 

These same errors will make it difficult to adjust the • standard of 
Hodges and Eyster so that it may be applied to the measurements ob- 
tained in teleroentgenography. 
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CONCEUSIONS 

The prediction table of Hodges and Byster is a faii’ly satisfactory guide 
in enabling an examiner to judge abnormality in the size of Ihe male 
heart and to estimate the degree of enlargement. 

The adjusted standard for females in which the figures for males is 
reduced by 0.8 cm. is equally satisfactory. 

One-half the internal diameter of the chest in the orthodiagrani is a 
measurement which does not approximate the actual transverse diameter 
of the normal heart often enough to have much value as a standard guide. 
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THE DIURETIC EFFECT OF DIGITALIS^' 

E. LeRoy Kellum, M.D.t 
Rochester, Minn 

■> ^ * 

"n^ILLIAM WITHERING-' in liis original communication concern- 
ing tlie action of digitalis chiefly stressed the diuretic action of 
the drug. It is true he stated “it has a iioiver over tlie motion of the 
heart to a degree yet unobserved in any other medicine and this power 
may he converted to salutary ends” but the main emphasis has to do 
with “a new diuretic which though not infallible” he believed to be 
“much more certain than any in present use” and “that it will often 
produce this effect after every other probable medicine has been fruit- 
lessly tried.” However, there has not been unanimous agreement with 
this observation of the excellent diuretic effect of digitalis. Germain^® 
and Winogradoff-® denied that digitalis posse.sses diux’etic properties, 
and stated that the diuresis which often folloxvs xvlien an amelioration 
of the condition of the circulation has been produced by it in organic 
disease of the heart is only a mediate effect resulting from a return 
of the circulation to its normal condition. Among those who observed 
the diuretic effect of digitalis may be mentioned Christian,® Andrall and 
Christian and Lemaitre, and Brunton.-* Brunton, in experiments on him- 
self and other human subjects, concluded that digitalis acts as a diuretic 
in anasarca, especially if the anasarca is caused by heart disease, and that 
it sometimes, but not always, acts as such even in health. This observer 
further stated, “when digitalis acts upon the normal man so as to produce 
diuresis, the drain of fluid becomes so great, as I have found in my 
experiments, the thirst it induces becomes intolerable.” Joerg^^ who 
carried out experiments on several healthy men, women, and children, 
found the output of urine increased with only one exception. Stadion,-- 
after putting himself on a diet of weighed food* and after determining 
the normal amount of his urine, took digitalin for eighteen days, be- 
ginning with 2 mg., and daily increasing the dose by 1 mg. At the 
conclusion of the experiment his urine had diminished in quantity. 

Peculiarly little notice was paid to the original work of Withering 
for more than one hundred years, although in this period there were 
such outstanding teachers of conditions of the heart as Hope, Stokes, 
and Austin Flint. Physicians relied on other diuretics than digitalis 
to combat the edema of cardiac failure. MacKenzie^® was the first 


*Read before the American Society of Clinical Investigation. .A.tlantic City. 
Jersey. May 4. 1931. Work done in the Division of Medicine. Tlie Mayo Clinic, under 
the supervision of Dr. Norman M. Keith. 

tFellow in Medicine, The Mayo Foundation. 
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Clinician to demonstrate eonclnsivoly the correctness of Witliering’s 
observations and instructions regarding tlic nses and administia 
of digitalis. Since MacKenzic’s contributions, tliere has accuimilatcc 
a vast literature on digitalis and much has been written about its 

One is impressed with the amount of study of this drug, and with 
the relatively few carefully controlled and standardized studies hot i 
of the healthy human subject and of patients witii cardiac failure and 
edema. Few investigations liavc fulfilled the essential requirements 
of a preliminary period of control tor the healthy human subject, oi 
for patients with cardiac failure, of a preliminary period of absolute 
bodily rest ; a constant diet of weighed food of known low water and 
low mineral content; daily extra intake of fluid of constant and eare- 
fully measured amount, and .daily estimation of the output, of urine, 
of body weight, of pulse rate, of blood pressure and ol symptoms of 
the effect of digitalis. 

However, there liave appeared several excellent studies of the diu- 
retic effect of digitalis in cases of myocardial failure with congestion 
and edema. Examples of such contributions arc those of Cohn,'’ West 
and Pratt,-® and Pratt®” Eggleston,® Fraser,” Jensen,’® Luteii,’* Chris- 
tian,® Marvin’® and Hay, Jones and luce.” There is general agreement 
among these workers that when edema is present, cither apiiaront or 
masked, it is usual for definite diuresis to occur under the influence of 
digitalis. If, however, edema is absent, they find no diuretic efi'ect,. 
This diuretic effect, in cases of heart failure and edema, they believe 
depends chiefly on the action of digitalis on the heart muscle alone. 
They further assumed that the fall in urinary output toward the end 
of treatment is due to diminished intake of fluid, associated with 
nausea and anorexia resulting from toxic symptoms of the drug. The 
diuretic effect was observed in eases with noianal cardiac rhythm, as 
well as in cases with fibrillation of the auricles. It has also been shown 
that in establishing a sufficient basis for the study of such diuretic 
effect one must take into consideration tlie presence or absence of 
hypertension, the etiologic classification of heart disease, the stage of 

heart failure, and the dosage, potency, and rapidity of administration 
of the drug. 

In treating cases of cardiac failure with considerable edema. Ban- 
nick, N. M. Keith and I not infrequently noted failure to produce sat- 
is aetory diuresis with digitalis. In such cases we were frequently 
a e to obtain exceUent diuresis by employing other diuretics. Willius®' 
has reported a similar experience with other diuretics. Because of this 
experience the present work was attempted to determine the diuretic 
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*This diet was not weighed, but was carefully estimated daily. 



346 


THE AMERICAN HEART JOURNAL 


METHOD OP STUDY 

The diuretic effect of digitalis ivas studied on three healthy human 
subjects, and on twelve patients with congestive heart failure and con- 
siderable edema. One patient was observed and treated on two differ- 
ent occasions. None of the patients exhibited evidence of serious im- 
pairment of renal function. The stud}- was made on one of the healthy 
human subjects tliree times, vaiying the diet and doses of digitalis 
with each experiment. To insure standard experimental conditions, 
all the subjects were given a diet of weighed food, as constant as pos- 
sible from day to da}-, of known low salt, water and protein content, 
the same as that employed by Keith, Smith and Whelan.^® The 
Aveighed food both of the healthy subjects and of those with myocar- 
dial failure is shoivn in Table I. The total caloric values of the diet 
given to normal, healthy subjects Avere adequate, but the food given 
to patients Avith cardiac failure Avas Ioav in total calories. This food 
AA-as given to the patients Avith cardiac failure because they Avere at 
constant rest in bed, AA'hich reduced their caloi'ic requirements, and 
because it Avas essential that all food should be eaten. The content 
of sodium chloride Avas Ioav in all of the diets Avith tAvo exceptions, and 
varied betAveen 1 and 1.5 gm. daily. The diets of patient 4 and healthy 
subject 1, experiment 2, contained approximately tAvice the amount 
of sodium chloride that Avas present in the others. Attention is also 
called to the Ioav Avater content of all the diets except that of healthy 
subject 1, experiment 2, and that of patient 4, Avhich contained ap- 
proximately 300 c.e. of Avater in excess of the others. The importance 
of the diet of Aveighed food, Avhieh Avas kept as constant as possible, 
is emphasized because there have been relatively feAV standardized 
experimental studies of digitalis in AA-hich such a diet has been em- 
plo}-ed. It is obA-ious that a study in AA-hich this factor is as carefully 
controlled as possible is of more significance and is more dependable 
than one in Avhich this factor is ignored. Daily estimations Avere made 
of body Aveight, pulse rate, blood pressure and total output of urine 
in tAventy-four hours. The intake of extra fluid AA-as as constant as 
possible Avith each subject, and Avas carefully estimated, A-arying from 
800 to 1,000 c.c. daily Avith the different subjects. A preliminary 
period of absolute bodily rest, Avith no medication other than the nec- 
essai'y sedatiA-es, was giA-en the patients AA-ho had congestive failure ; 
the healthy subjects also had a preliminary period of control Avithout 
medication. At the conclusion of the periods of control a standardized 
preparation of poAvdered leaf of digitalis AA-as gri-en to each subject in 
adequate amount.* Electrocardiograms Avere taken daily of healthy 
subjects,, and every three to four days in the cases of heart failure. 
Careful obseiwation Avas made of all the subjects for clinical objective 

♦Burroughs W-ellcome tablets containing the powdered leaf were used. 
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m 


and subjective signs of digitalis effect. The 
twenty-four hours was submitted dally to estimation of 
ride, the total fixed base, and the total nitrogen content. " 

RESULTS IN' HEALTHY HUMAN SUBJECTS 

Fig. 1 shows graphically the digitalis effect in a healthy human 
being (subject 1) using adequate doses of digitalis in t iree i eren 
experiments. The daily intake of extra fluid was constant for eac 
experiment, and was 800 c.c. in the first two experiments and 1,000 
c.e. in the third experiment. The Aveighed diet contained 60 gm. of 


^ ^ ^ ^ 

r 1' r i' 


Digitalis 

iiill 

1' r f I' f 

* 


Digitalis 




1 ~Zl) 4 5678 1^3456789 10 11 12 12 34567 

AppatMely 14 gm. Ml dally Approximately 55 ga Ml da'ily Approximalelv 14 ga Mldally 

iRuid intak I Urine output • — * 1)067 weight ■ — -False rate 

* Digitalis effect iu the electrocardiogram P=neart rate E.C.G. 

Pig-. 1. — Digitalis effect on normal subject in three experiments. The effect varies 
when the amount of water and salt of the diet is varied. Intake of fluid does not in- 
clude fluid in food. 


protein, 1,500 to 2,000 calories, and was lotv in Avater and salt. The 
daily content of Avater of this diet Avas 820 c.e. in the first experiment, 
860 e.c. in the third experiment, and 1,150 to 1,180 c.c. in the second 
experiment. The salt content of the diet during the second experi- 
ment, as is shoAAm in Table I, AAms approximately tAvice that of the first 
and third experiments ; the dietary fluid content in the second experi- 
ment Avas approximately 300 e.c. more than that of the first and third 
experiments. 

Characteristic electrocardiographic evidence of digitalis effect Avas 
ohseiwed in all three of the experiments on this subject as Avell as on 
one of the other subjects (subject 2). The evidence consisted of a 
eliange m the T-Avave, a prolongation of the conduction time, or both. 

There Avas only slight diuresis in the first experiment ; the output of 
urine r ose to 800 c.e. on the first day after administration of digitalis 


total nitrogen was determined by the standard method of I^eldahr 
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The 



348 


i 


THE AMEBICAN HEART JOURNAL 


W 

2 o ^ 

w g », 

3 S So 

j a o 

ft 

< Jz; « i g 

s o s s e 

3 § e 2 g 8 

g O O g ^ 

§ S 


t* eo CO 
r-! CO O 
CD lO O 


lO cc 
O CD CO 


<5 S H ^ 

w o ^ 

g C 3 ^ O 

P 2 w o 

•— I 


-i< CO 
CO CO 03 


'^lO'^COrHOOcO'^' 

t-^IOTj<C<llOCDC;03b-»j 

IDCOCOCOTp-iHCOcOwl 


wco-^wcocoooco 

CO'^COOUOCDCDrJ^CO 

OOrHOOCDOOO 


« 52. 2 ■ 

g ^ § 
H . o 

S ^ 

p, o 


000»-<rMCOC5Tt<00 
03 ID Ci l>. LO O Ci 
OlOC5COl>.lDb«.lD’^ 


Kl-^rHOCOb-CDLOCO 

C5l>lDOCOts.rHCOO 


OOOCOOC^iH'^-J^O 
lO CO lO CO l>- rH 03 lO 
rHOrHr-irHi-MrHOO 


'^<MlDrMT-lir5CiT-lt^ 
Oa i-l 03 03 03 tH t-1 t-J O 
OOOOOOOOO 


^ocqoqooqcoooa 

lot-^ioiocDirScDt-^t^ 


lOOCOCDCOCOlOC3t- 

rH003r-lTHT-Ht-lTHO 

OOOOOOOOO 

rHr^r-HrHTHrSrHr-Hi-H 


OOOOOOOOO 

CD^C0OIDr}HlDl>-03 

CDb-^OCOtvCDCDt^ 


COCOt^lOIDCOb-l>0 

c6c6b^t^t^i>^t>t^co 

lOIDlDIDIOIOlOIDlD 


Ot-<03CO'^IOCDI>.CO 
03 03 03 03 03 03 03 03 03 


iooooooooo 


C>Or-IC3COTHIOCDt^| 
IHC3 03 03 03 C3030303 


f 

■».... 


’iilood "Withdrawn at 8 A.M:., at end of twenty-four hours. 
tWeighed at 8 a.m. at end of period of twenty-four hours. 

tProtein, 43 gm. ; 1110 calories; "water, 685 c.c. ; approximately 1 gm. sodium chloride; extra "water, 1000 c.c. 

§Pebruary 22, digitalis, 0.4 gm, at 8 A.M., 2 P.M., 8 p.m. ; February 23, digitalis 0.4 gm. at 2 A.M., 0.2 gm. at 8a.m. and 2 p.m. 
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and thereafter quickly dropped to a level generally hclow that of 
the control period. This result indicates that the diuretic efteet was 
negligible. HoAveA^er, in the second experiment is slight but definite 
evidence of diuresis beginning on the second day of administration of 
digitalis. The slight bnt definite increase of the amount of sodium 
chloride and Avater in the diet might be a possible factor. In the third 
experiment, also, there was slight diuresis for tAVO days after adminis- 
tration of digitalis. The rapid method of digitalization of Eggleston 
Avas employed during this experiment. Attention is directed to the 
daily intake of extra fluid, amonuting to 1,000 c.c. during this experi- 
ment. This Avas 200 c.e. more than that during the first or second 
experiment. TJxe daily output of urine during the third experiment 
never equalled or exceeded the daily intake of extra fluid. 

The results of chemical studies of the healthy human subject in 
exiieriment 3 are shoAvn in Table II. The output of urine for tAventy- 
four hours Avas examined for its content of sodium eliloride, total base, 
and total nitrogen ; the AAdiole blood for urea, and the blood plasma for 
carbon dioxide combining poAver and chloride. There Avas no increase 
in the daily concentration of chloride of tlie urine after administra- 
tion of digitalis in this experiment. Similar studies, in experiment 1, 
also failed to give evidence of increase of the concentration of chlo- 
ride after ingestion of adequate dose.s of digitalis. There Avas, hoAV- 
ever, a slight increase of the concentration of chloride in the urine in 
the second experiment, folloAving the use of digitalis. Attention is 
again directed to the fact that the intake of chloride Avas greater in 
experiment 2. Excretion of nitrogen during the first fcAV days (Table 
II) Avas someAvhat irregular, but it averaged about 5 gm. dailj'. On 
the first day, after digitalis had been taken, there aauts a marked in- 


Table III 

Diuretic Effect of Digitau.s on Subject 2 


JULY, 1930 


28 to 29 

29 to 30 

30 to 31 
31 to August 

1 to 2 

2 to 3 

3 to 4 

4 to 5 


> 


58.8 

58.3 

58.3 

57.6 

56.3 

54.4 

53.7 
52.6 


u. 

t3 

> O 


550 

450 

500 

400 

500 

440 

500 

475 


5.6 

5.6 

5.8 

6.0 

5.6 

5.6 

5.6 

5.6 


urine 


somuit 

chloride, 

GM. 


K . 

o O 

o 


0.52 

0.49 

0.29 

0.24 

0.26 

0.29 

0.32 

0.26 


at end of twenty- 
tDigitalis, 0.4 gm., ingested 


2.86 

2.20 

1.45 

0.96 

1.30 

1.27 

1.60 

1.23 


four hours, 
once daily at 8. ’SO 


TOTAL 

NITROGEN, 

GM. 


P • 

O O 

w ^ 
o 


e s 

W o 


>5 


1.29 
1.58 
1.77 
2.07 
1.68 
1.86 
1.63 
_^0 

A.M. 


7.10 

7.10 

8.85 

8.30 

8.40 

8.18 

8.15 

10.92 


FIXED BASE, 
C.C. TENTH 
NORMAL 


a . 

O O 


o 

a ® 


166 

183 

157 

176 

167 

165 

101 

154 


913 

823 

785 

705 

835 

725 

805 

732 


w 

3 

3 ^ 
S S 


0.4 f 
0.4t 
0.41 
0.4 f 
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crease in excretion of nitrogen, but a decrease in the next two days. 
Excretion of nitrogen during the last three control days after adminis- 
tration of digitalis ivas faiidy constant, and averaged about 3 gm. 
daily. 

. Pig. 2 represents the digitalis eifeet in healthy human subject 2, 
who was likewise studied under carefully standardized conditions. 
Again, digitalis had no diuretic effect. Chemical studies of the same 
healthy person (subject 2) before and after administration of digitalis 
are shoAvn in Table III. The eoncentimtion of chloride in the urine 
was not distinctly increased after the use of digitalis. Excretion of 
nitrogen during the first few daj’-s averaged 7.84 gm. daily. While the 


bLg’italls 



0 Fluid intake ■ Urine output 

« •Body weight • ‘Pulse rate 

^kDigitalis effect in the electrocardiogram 

Fig. 2. — Effect of digitalis oni normal subject 2. The intake of fluid does not include 

fluid In food. 

subject was taking digitalis, excretion of nitrogen was constant for 
the first three days and was about the same in quantity as during the 
control period, averaging 8.24 gm. dailjn There was an increase of 
excretion of nitrogen, however, on the fourth daj'- of administration of 
digitalis ; the total excretion on this day was 10.92 gm. The total ex- 
cretiou of fixed base gradually diminished daily during tbe control 
period of four days, and averaged 806 e.c. of tenth normal base daily. 
During and following administration of digitalis, excretion of total 
fixed base but was little elianged, averaging 774 c.c. tenth normal base 
daily. Healthy human subject 3 gave evidence of no diuretic effect 

following adequate doses of digitalis. 

Table IV contains a bi’ief outline of the digitalis effect in^ all of the 
experiments on the healthy human subjects. Definite slowing of the 



Taboe IV 

Summary op Action op Dioitabis on Healthy Subjects 
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cardiac rate was noted in all following administration of digitalis. 
Cliaiacteristie eleetroeardiograpliic evidence of digitalis effect was 
also observed in four of the five experiments. The blood pressure re- 
mained normal throughout. The diuretic effect of digitalis was neg- 
ligible in the first experiment (subject 1), definite in the second ex- 
periment (subject 1), slight for two daj^s in the third experiment (sub- 
ject 1), absent in the fourth experiment (subject 2) and also absent 
in the fifth experiment (subject 3). Thus of the five experiments the 
diuretic effect was absent in three, was slight in one, and was definite 
in only one. The average concentration of sodium chloride in the 
urine was increased in one experiment after ingestion of digitalis, and 
was not increased in any of the remaining four experiments. 


Table V 


Action or Digitalis in Myocardial Failure With Diuresis (Patient 4) 


JUNE, 

1930 

WEIGHT, 

ICG. 

PULSE, 
BEATS EACH 

MINUTE 


sodium 

chloride 

DIGITALIS, 

GM. 

G.M. IN 
EACH 100 

C.C. 

GM. IN 

ENTIRE 

SPECIMEN 

8 


90 

1000 




9 


88 

825 




10 


88 

700 

0.49 

3.40 


11 

61.1 

80 

800 

0.52 

4.10 


12 

61.4 

82 

600 

0.48 

2.90 


13 

61.1 

86 

600 

0.45 

2.70 


14 

61.4 

86 

500 

0.16 



15 

60.5 

68 

850 

0.16 

1.40 

0.3 

16 

60.7 

64 

1025 

0.36 

3.70 


17 

60.8 

74 

1375 

0.36 

4.95 


18 

61.0 

80 

950 

0.31 

2.95 


19 

59.5 . 

76 

1150 

0.31 

3.56 


20 

59.5 

74 

525 

0.22 

1.16 


21 

60.0 

86 

500 

0.21 



22 

58.3 

84 

650 

0.18 

1.17 



RESULTS IN CASES OP CARDIAC FAILURE AND DEPENDENT EDEMA 

In all of the twelve eases of cardiac failure there was definite de- 
pendent edema in addition to the other usual signs of failure of the 
circulation. None of the patients exhibited evidence of serious im- 
pairment of renal function ; none had a positive Wassermann reaction. 
In one case onlj'" there was fibrillation of the auricles. Two patients 
had coronary sclerosis; three had rheumatic endocarditis, and several, 
arteriosclerotic and hypertensive myocardial disease. Before the 
present study, five patients had not experienced any previous break 
in compensation; five had had one previous break in compensation; 
one patient had had two previous periods of decompensation, and one 

had had three periods of decompensation. 

All the patients had a preliminary period of bodily rest, wiBiout 
medication other than the necessary sedatives. This preliminary 
period of rest was often of longer duration than the figures show, 
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owing to the fact that the charted days Avere only those when the pa- 
tient was receiving a constant diet of weighed food. Some of the pre- 
liminary days, when the patient received salt-free, iinweighed food 

ai'e not shoivn. ^ ^ 

Patient 4 experienced definite and sustained diuresis, beginning on 

the third day of administration of digitalis. The diuresis was accom- 
panied by definite decrease in pulse rate, definite loss of Aveight, and 
marked improvement in clinical symptoms. Table V is a brief recapit- 
ulation of this ease. While the diuretic response Avas satisfactory, the 
daily average output Avas only slightly increased over the control 
period (Table VIII). Despite definite diuresis, the concentration of 
chloride in each 100 c.c. of urine is not increased, indicating that Avhen 

Table YI 


Action op Digitalis in Mvocardul Pailuke With Slight Diukesls (Patient S) 




PULSE, 


SODIUM 

CHLORIDE 

URINE 

JULY, 

weight, 

BEATS 

VOLU.ME, 

GJt. IN 

GM. IN 


AM.MONIUM 

1931 

KG. 

EACH 

C.C. 

EACH 

ENTIRE 


NITRATE, 



MINUTE 


100 C.C. 

SPECIMEN 


GM. 

S 

69.0 

88 

400 


0.32 



9 

68.4 

80 

650 

0.03 

0.20 



10 

68.0 

80 

500 

0.04 

0.20 



11 

67.0 

82 

COO 

0.05 

0.30 

0.4 


12 

67.0 

78 

450 

0.06 

0.27 

0.4 


13 

68.0 

74 

425 

0.09 

0.38 

0.4 


14 

67.5 

70 

92.5 

0.22 

2.04 

0.4 


15 

67.3 

68 

900 



0.4 


16 

67.3 

70 

600 

0.28 

1.6S 



17 

67.3 

69 

550 

0.67 

3.6S 



18 

68.0 

69 

1000 

0.30 

3.00 


0 

19 

07.0 

72 

500 

0.58 

2.90 


s 

20 

66.4 

82 

750 

0.44 

3.30 


s 

21 

66.4 

100 

2800 

0.75 

21.00 


s+ 

22 

64.5 

100 

500 

0.17 

O.So 


s 

23 

65.2 

84 

550 

0.0.9 

0.50 


s 

+2 e.c. salyrgan given. 







digitalis does cause diuresis, the diuresis resembles that Avhieh is ob- 
tained by Avater or urea rather than the chloi'ide diuresis AAdiich oc- 
curs after ingestion of several diuretics, particularly certain acid- 
producing salts, caffeine and mercury. 

Table VI represents the effect of digitalis in another of the cases of 
mart failure (patient 8). There urns an increased output of urine be- 
pninng on the fourth day of administration of digitalis and continu- 
ing through the fifth day. FolloAving this, hoAvever, the output of 
urine rapidly diminished. After a rest period of two days, administra- 
tion of ammonium nitrate was started. The immediate diuretic effect 
of this acid-producing salt is apparent, and it is to be noted that the 
diuresis obtained by means of the combined use of ammonium nitrate 
a»a sa yrean (.nevsalyl) far ex-eels the «uresis obtained bj - “o e 

a.8.tahs. There ™ an increase in the concentration of chloride and 












Table VH 

Ei’fect op Digitalis and Otiieh Diuretics in :Myocardial Failure (Patient 7 ) 
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in the total excretion of chloride in the nrine on the fourth clajj of 
administration of digitalis, but this was not nearly so much as tliat 
obtained by the use of ammonium nitrate and salyrgan. 

The digitalis eifect in another of the eases of cardiac failuie (pa- 
tient 7) may be seen in Table VII. This patient had arteriosclerosis, 
essential hypertension, obesity, and myocardial degeneration wit i 
marked cardiac failure. Together ivith the other usual signs of failure 
of the circulation, there was marked generalized edema and ascites. 
After a preliminaiy period of rest, digitalis was administered in ade- 
quate amounts over a period of five days. Definite diuresis was noted 
the second and third days of administration of digitalis. There was 
likewise some diuresis on the fifth day of administration of digitalis. 
Following this, the output of urine diminished and was below that of 
the control period. After an interval period of five days of rest, the 
patient was given ammonium nitrate and salyrgan. The suiierior 
diuretic properties of the latter drugs in comparison with digitalis are 
apparent. The average total daily output of urine during the control 
period was 556 c.e. During the period of five days of administration 
of digitalis, and the next two days, the average total daily ontimt of 
urine was 760 e.c., whereas the average for the period of administra- 
tion of ammonium nitrate and salyrgan was 925 c.c. The patient 
eventually became completely free of edema by the combined use of 
ammonium nitrate and salyrgan. The concentration of chloride in 
each 100 c.e. of urine was increased by the administration of digitalis 
but did not reach so high a concentration as with the use of ammonium 
nitrate and salyrgan. The total excretion of sodium chloride in the 
urine was much greater with the combined use of the latter diuretics 
than with administration of digitalis. Excretion of fixed base was 
likewise increased with administration of digitalis, but there Avas also 
a more marked increase of excretion of fixed base with the combined 
use of ammonium nitrate and salyrgan than ivith digitalis. The ex- 
cretion of total nitrogen in the urine Avas changed little, if at all, by 
use of digitalis, and'AA''as definitely diminished during the administra- 
tion of ammonium nitrate and salyrgan. 

A brief summary of the results of digitalis efPect in the tAvelve cases 
of heart failure is shoAvn in Table VIII. 


In studying the diuretic effect of digitalis, patients Avhose total daily 
output of urine Avas 1,000 c.e. or more Avere classified as shoAving 
definite diuresis; those Aidiose output of urine varied from 700 to 780 
c.c. were classified as having obtained slight diuresis, and those Aidiose 
total daily output of urine Avas less than 700 c.e. were classified as having, 
obtained no dinresis. By tlm division of the patients, three obtained 
deSmte draresis after admmistration of digitalis; in four, diuresis was 
Ight, and live failed to obtain any diuretic effect despite adequate 
therapeutic administration of digitalis. Four patients became com- 
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pletely free of edema following nse of this drug, and the edema in- 
creased in one case. The average dailj^ intake of extra fluid of the 
whole group during the time digitalis was given was 774 c.c., whereas 
the average total daily output of urine was 816 c.c.; the greatest oiit- 
put on any one day was 1,665 c.c., and the least output, 510 c.c. T le 
pulse rate of seven of the twelve patients was slowed following the 
nse of digitalis, varying from four to thiidy-four beats to the minute, 
averaging thirteen beats to the minute. The pulse rate of three pa- 
tients was not changed, and two patients had an increased pulse rate 
after administration of digitalis. In the electrocardiogram of each jia- 
tient was the eharaeteristie sign of digitalis effect described by Cohn. 
No appreciable change could be noted in the blood pressure in any 
of the cases following the use of digitalis. 

Practically all of the patients shoAved definite symptomatic improve- 
ment folloAving treatment ivith digitalis. This improvement was evi- 
denced by lessened dj^spnea, improved color, the ability to sleep, signs 
of improvement of the circulation, and general increase in comfort. 
In general the patients who obtained the best diuretic effect had the 
most marked clinical improvement. However, some of the patients 
Avho had no diuretic effect showed clinical evidence of beneficial digi- 
talis effect. With or ivithout diuresis, patients Avith cardiac failure 
may shoAv eAudence of marked benefit after the use of digitalis. 


COMMENT 

The finding's in the healthy human subject, under the conditions of 
these experiments, indicate that digitalis in therapeutic doses exerts 
slight if any diuretic effect. My data suggest that sodium chloride 
and Avater in the diet may be a possible causatiA^e factor Avhen diuresis 
occurs. Definite sloAving of the pulse rate folloAving administration of 
digitalis Avas observed in all of the five experiments on the three 
healthy human subjects; the degree of slowing Amried from eight to 
tAventy beats to the minute. This is not in agreement Avitli the findings 
of Cohn. He stated that in the absence of edema reduction in the 
cardiac rate occurs, principally in the “hypodynamic or unstable heart 
or the heart AAdiieh for unknoAvn reasons undergoes spontaneous altera- 
tions in rate,” and that aside from these the majority of persons do 
not respond to therapeutic doses of digitalis by a fall in the cardiac 
rate. Cushny regarded the sloAving in eases of normal rhythm as en- 
tirely due to the inhibiting action of digitalis. 

Despite clinical and electrocardiographic cAddence of the effect of 
digitalis, the diuretic action of this drug was uncertain, even thoimh all 
the patients had definite myocardial failure and edema. Several of 

“'^equate adniinistra- 
digitalis. In none ot the cases was the clinresis so marked as 
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lias been experienced witli these and many other patients who have 
been given other diuretic substances. 

In combating the edema of myocardial failure, for some time diuretic 
substances other than digitalis have been employed in The Mayo 
Clinic. Since the combined uses of digitalis and other diuretic sub- 
stances in the treatment of such cases, the results have been much 
more encouraging. 


SUMMARY 

Digitalis, when given to the healthy human subject in therapeutic 
doses and under exiierimental conditions laid down in this study seems 
to exert slight, if any, diuretic effect. The diuretic effect of digitalis 
in eases of cardiac failure with edema is uncertain; such effect may 
be marked, slight, or absent. It is .suggested that in the treatment of 
congestive heart failure and edema digitalis be employed for its bene- 
ficial cardiac effect, and that other substances be also emplo5’'ed for 
their superior and more certain diuretic action. 
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GONOCOCCUS ENDOCARDITIS'^ 

Report op a Case 

Henry B. Kirkland, ]\LD. 

New York, N. Y. 

OINCE tlie publication in 1922 of Thayer’s^ eoinpreliensive article 
on the cardiac complications of gonorrhea, there have appeared 
in the literature only 12 cases of gonococcus eai’ditis indisputably 
proA^ed by bacteriological means. In addition to these, six Avriters 
haA'^e discussed other cases either presenting strong presumptive evi- 
dence of this condition or illustrating A'arious methods of treatment 
after diagnosis. It is the purpose of this paper to report a ease in 
Avhich an unusually detailed histoiy Avas aAmilable and in Avhich a 
A^’ery full post-mortem analysis Aims carried out; as Avell as to sum- 
marize the recent literature on the subject. 

Thaj’-er’s series comprised 20 cases either coming under his OAvn 
obserAmtion or collected from the records of Johns Hopkins Hospital, in 
addition to 60 from the literature. He describes endocarditis of gono- 
coccal origin to be of an ulcerating A’^egetath’-e nature, usually acute 
in onset, coming on at A^aiying periods after the initial infection, and 
pursuing a rapid fulminating course to death in from four to nine 
Aveeks, as a rule. The fever is of the high remittent tjTpe, a marked 
anemia develops rapidly, embolic phenomena are usually present, and 
the constitutional symptoms throughout are very grave. 

The age incidence given by Thayer is nuie to forty-tAvo years; 
that in the 13 cases, including our own, reAueAved here is nine to 
thirt 3 ’'-tAvo, the average being tAventy-three years. A preponderance 
of males is noted in the first series; in the later cases the sexes are 
equally divided. The average duration of the disease is about ten 
Aveeks in both instances, though 4 cases are noted by Thayer as ex- 
ceeding fourteen Aveeks, the upper limit of the later group. In regard 
to the anemia, leucoeytosis, and embolic phenomena, the statistics 
originally presented are fully confirmed by subsequent obsei’Amtions. 
Recent data concerning the precise nature of the renal lesions found 
seem too indefinite to warrant an attempt at interpretation in this 
place. Thayer reported the existence of an acute or subacute nephritis 
in most of his cases, these being more striking the longer the duration 
of the disease. Arthritis in Thayer’s literature Aims reported in 68.5 
per cent of cases; in his OAvn series in only 31.1 per cent; in the 13 
cases reviewed here this complication Aims noted in 6, or 46.2 per cent. 

♦From the Pathological Laboratories and the Second Medical (Cornell) Division of 
Bellevue Hospital. 
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ivliieli had continued without other complication until five days before admission, 
when a swelling was noted in the perineum. There had been chills and fever for 
three days, and the swelling had become painful and steadily larger. 

Past History. Patient denied any previous venereal disease. He had chorea 
at the age of twelve; no tonsillitis or rheumatic fever. In 1928, he noted pre- 
cordial pain and dyspnea on exertion, with occasional edema of legs, and for a while 
he ran a temperature up to 102°. In September, 1930, he was admitted to Beekman 
Street Hospital complaining of stabbing precordial pain, loss of weight, and 
insomnia. His heart was not enlarged to percussion; the first sound at the apex 
was sharp and localized; the second pulmonic sound was accentuated, and there was 
a soft systolic murmur at the apex. Orthodiagram showed slight accentuation 
of the left auricular curve but no cardiac enlargement. The urine was negative. 
The hemoglobin was 85 per cent. The leucocyte and differential counts were nor- 
mal. The Wassermann reaction was negative. There was no temperature. The 
patient was discharged sj’mptoni free after five days ’ rest in bed. 

Family History. — Essentiallj’ negative. 

Examination : — ^Loeal condition: Swelling over bulbous urethra; no fluctuation. 
Purulent urethral discharge. Prostate slightly enlarged and very soft. General: 
Pale, somewhat d}'spneic, moderately ill-appearing. Heart: Apex impulse felt 
in the fifth interspace within the nipple line. No murmurs heard. Temperature: 
101° P. 

Laboratory Finding .<!. — Leucocytes 15,500, 82 per cent polynuclears. Wassermann 
reaction negative. Blood nonprotein nitrogen 34 mg. Blood pressure 130/70 
mm. Phenolphthalein excretion 45 per cent in two hours. Blood culture negative 
on ordinary agar and meat-infusion broth. 

Covrse . — The perineal abscess was incised, but no pus was obtained. There was 
no extension of the process; the temperature came down to normal for two days. 
On the fourth day it rose abruptly to 104,6° P., and the patient was somewhat 
irrational. Attempts to catheterize were unsuccessful because of stricture of 
urethra. On the eighth day the patient began to sweat profusely, coughed fre- 
quently, and showed several very small petechial hemorrhages in the right con- 
junctiva, as well as a single one in the left. The heart w’as seen to be definitely 
enlarged; there wms roughening of the first sound at the apex, and over the aortic 
area, transmitted to the left of the sternum and toward the apex, was heard a long 
diastolic, as well and a long systolic, murmur. The pulse was Corrigan in type, 
and capillary pulsation was noted. The lungs were negative. There was slight 
edema of both ankles. 

A diagnosis of rheumatic heart disease was made and the patient was trans- 
ferred to a medical ward. The patient looked desperately ill, but a second blood 
culture was also negative. Marked decompensation set in, and on the fourteenth 
daj^ the spleen urns felt. The temperature was spiking to 105° daily; the urine 
remained negative. A third blood culture was reported negative. On the twenty- 
second day the patient was very weak; many petechiae were seen in the con- 
junetivae, and a fourth blood culture was taken, which was later reported negative. 
The patient died on the twenty-third day after admission. 

Clmical Diagnosis . — ^Eheumatic heart disease. Acute endocarditis. 

Autopsy was performed two hours after death. Anatomical Diagnosis, Heart. 
Ulcerative vegetative bacterial endocarditis of aortic valve (gonococcus), sub- 
endocardial abscess Avith extension into pericardium, diffuse suppurative and hemor- 
rhagic pericarditis, chronic productive mitral and aortic valvulitis, hyphrtropliy and 
dilatation; Kidneys: Acute intracapillary glomerular nephritis, acute focal inter- 
stitial nephritis, parenchymatous degeneration; Spleen: Infarction and suppura- 
tion (Mx); Brain: Acute suppurative leptomeningitis (Mx) ; Liver: Parenchyma- 
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t.«s aegencratlo,. and congcsttoil ; Slomaah: S»OT..tativ<. f""?" 

CoagcrtL, bilateral hydrotl.oraa ; General: ABc.te., ranjanchyal petcclnaa, 
sansrene of legs, decubitus ulcer, emaciation, operative pcnucal seal. 

Positive GrL Findings.-Uotlcvaio emaciation. A number of small r<=tcclnal 
hemorrliages in both conjunctivac ; none in other mucous membranes f 

extremities. The lower two-thirds of the right leg and the lower one-thira of the 
left, including the feet, were the scats of a dilTuse dusky cyanosis, tlie line ot 
demarcation about the calves being irregular but definite. There was a superfici.i 
bed sore over the left buttock. In the perineum was a recent unhealed operative 

scar 4 inches in length. _ . 

Scart . — Tlie precordium was markedly enlarged. On opening the pcncarduim 
about 500 c.c. of opaque brownish ilnid material was found free witldn the sac. 
There were no pericardial adliesions. The pericardium itself was markedly thick- 
ened, injected, and covered witli exudate, and tlie inner surface showed a number 
of hemorrhages, irregular in outline. The heart showed on its epieardial surface 
the same changes as noted in the pericardium. Its weight was 420 gm. The right 
heart was essentially natural. The left auricle was slightly dilated. The contents 
of the left heart were currant- jelly clot, none of which was adherent. The muscula- 
ture of the left ventricle was 1C mm. in thickness, of a reddish brown color, with- 
out gross evidence of fibrosis. The mitral valve admitted one and a half fingers 
with ease, and showed a thickened opaque rolled-up edge on which were a row of 
translucent pinhead vcrrucac. The chordae tendincac were slightly shortened and 
thickened, with hypertrophy of the papillary muscles, which showed fibrosis at 
their tips. There was irregular vasculariv.ation of tlic mitral leaflet. 

Attached to and replacing the left anterior cusp of the aortic valve, and e.xtending 
down on the aortic leaflet of the mitral valve, was an irregular bulky friable vegeta- 
tion, the total diameter of wliich was about 3 cm. The vegetation completely 
destroyed the left anterior valve cusp and ulcerated through the aortic leaflet of the 
mitral, appearing as an oval-shaped vegetation on the loft auricle and the auricular 
aspect of the mitral valve leaflet. Before the heart was opened, this vegetative 
mass had filled the lumen of the aortic valve except for an aperture perhaps 5 
mm. in diameter. The other tivo cusps of the aortic valve were tliickcned along their 
edges and were fused for a. distance of from 1 to 2 mm. at tlicir commissures, but 
showed no vegetations. The vegetation was adherent to the border of the posterior 
cusp, obliterating this commissure. Between the left anterior and right anterior 
cusp, section into the endocardium revealed a pocket between the endocardium and 
the outer coat of the heart at this point. This pocket contained about 5 c.e. of 
grayish-red purulent material wliich appeared tlie same as that found in the 
pericardial sac, and it was separated from the inflamed pericardium by a very 
thin layer of tissue. Except for the above areas, the endocardium of the left 
ventricle was smooth and transparent. The coronary arteries were narrow and 
delicate in texture, and were witliout sclerosis. There were a few raised yellow 
intimal plaques on the aorta, whicli for the most part was of normal diameter and 
elasticity. The iliac arteries were normal as far as their entrance to the thighs: 
beyond which examination was not permitted. 

lAtngs. There were no noteworthy findings except congestion. 

The liver weighed 1880 gm., was of a red brown color, firm in consistency. 
Parenchyma was ^grossly normal except for congestion of the larger vessels. Ga'll 
bladder and bile ducts were natural, 
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Jridnci/s.~-Tlioy weighed 380 gm. together, . were imhedded in normal fat and 
coimectiTe tissue, were a dull red brown color and somewliat flabby in consistency. 
On section, the cortex bulged out from a slightly retracted capsule which, however, 
stripped with case, exposing a perfectly smooth mottled brown surface without 
evidence of hemorrhage. Tlie cortex was swollen, and the markings were somewhat 
obsenred. Tlie glomeruli did not stand out prominently. Medulla, pelves, and 
ureters were natural. No infarcts were noted. The larger renal vessels appeared 
natural. 



FIs'. 1. — Pliotograph of the heart, opened to shoiv tlie fung-ating lesion of the aortic 

valve. 

Bladder, Prostate, and Seminal Vesicles . — ^No noteworthy changes. 

Testes . — Appeared natural. 

Adrenals . — ^Appeared natural. 

Gastromtestinal Tract and Pancreas . — ^No gross abnormalities. 

Brain. — Scalp, skull, meninges, and brain substance appeared grossly entirely 
natural. Section through cortex, internal capsule, and brain stem revealed no 
recognizable areas of softening or hemorrhage. 

Microscopicap Examination. — Heart . — Sections were cut through all valves, the 
vegetation, the myocardium of both ventricles, and the auricles. * These were first 
fixed in Kaiserling I, and subsequently mordanted in Zenker's fluid. Paraffin sec- 
tions were stained with heniatoxylin-cosin, by Giemsa’s method, hy Weigert s 
method for elastic tissue, by van Gieson’s method, by the Grani-Weigert technic, 
and by Brown ’s° picric acid differential method. 

The aortic valve cusp replaced and covered by vegetation in the gross was almos 
entirely replaced microscopically by a disintegrating necrotic mass consist!^ mam y 
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of fibrin and leucocytes, which in 

1” r„.tea, L ..ecrotie ,alve — ,vas definite,, n.nde out 
in sections prepared with Weigert’s elastic stain. 



Pig. 2. — Photograph of the heart showing the auricular aspect of the mitral valve 
leaflet, through -which the vegetation has ulcerated. 


The aorta above the commissures showed slight roughening of the intima. The 
media was fairly intact and of normal thickness. The adventitia was markedly 
thickened by an infiltration of purulent and fibrinous exudate, which w’as continuous 
with the mass of necrotic fibrin and bacteria around the commissure. There was 
a direct extension of the suppurative process in the adventitia to the pericardium 
covering the aorta. The heart muscle beneath the valve, especially that posterior 
to it, was fragmented where it merged in an irregular serrated line with the in- 
flammatory tissue. There was in this region considerable invasion of the muscle by 
leucocytes and bacteria, either isolated or in small groups, and by a growth of 
granulation tissue rich in fibroblasts and newly formed capillaries. This area 
showed also a considerable amount of nuclear detritus and degenerating muscle 
tissue. The base of the aortic valve showed slight fibrous thickening, this fibrous 
tissue showing invasion by inflammatory cells. Section through the right anterior 
aortic cusp showed thickening due to the presence of fibrous connective tissue. The 
base of the valve showed fibrous thickening and, in addition, an infiltration of round 
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cells, fibroblasts, and a few capillaries surrounded by polynuclear leucocytes. The 
valve substance was not vascularized. 

The inflammatory reaction described above penetrated the septum almost to 
the point of origin of the tricuspid valve. This, however, was not involved, and 
presented no noteworthy features. The pulmonary valve showed no abnormalities. 
Sections throngh all parts of the heart showed a marked suppurative pericarditis. 
The pericardium was thickened owing to an overgrowth of granulation tissue rich 
in capillaries, round cells, plasma cells, polynuclear leucocj’tes, and fibroblasts which 
had begun to deposit collagen fibrils. The serous covering was missing, and the 
granulation tissue was covered by an irregular layer of fibrin. In places, small 
masses of hyalinized fibrous tissue were seen projecting from the surface. In a 
few places where the subendocardial fat w.as scant, the infiammatory process in 
the pericardium extended into the superficial layers of the mj'ocardium. 

The mitral valve showed changes of special interest. The leaflet was definitely 
thickened. The substance of the valve had an acellular appearance with marked 
overgrowth of fibrous tissue, and appeared to be entirely covered by endothelium. 
Strands of elastic tissue could be seen scattered throughout the valve. The cusp 
was definitely vascularized, the vessels extending from the base into the substance of 
the valve. The vessels at the valve base were compressed, but showed no intrinsic 
changes of note except slight thickening. There was no cellular infiltration in this 
area. The chordae tendineae showed fibrous thickening. In the myocardium of the 
left ventricle, there were a few small areas where the fibrons tissue of the inter- 
muscular septa appeared definitely increased in amount. This fibrous tissue did not 
show any cellular infiltration. 

The coronary arteries appeared natural throughout. 

Bacteriological e.xamination of Giemsa-stained sections revealed diplococei, cocci 
in short chains and small groups, and short thin bacilli. Sections stained by Brown’s 
differential method showed numerous definite biscuit-shaped gram-negative diplococei, 
most of which were intracellular. In addition, other organisms were seen as noted 
above. 

Kidneys . — There was a very diffuse and marked tubular degeneration, the lining 
epithelium being swollen and granular, with desquamation of cellular and nuclear 
material into the lumina. The glomerular tufts showed a fairly characteristic 
knotted appearance. The cellularity of the tufts appeared slightlj' increased. The 
capillary loops were visible but did not appear to contain any red blood cells, al- 
though polynuclear leucocytes were plentiful. There was some swelling of the 
capillary endothelium. The capsular epithelium for the most part was normal, 
although in an occasional glomerulus a few cells were swollen and showed prolifera- 
tion. In most cases the capsular space was well preserved, but in some instances a 
few polynuclear leucocj'’tes were seen rvithin it. In the interstitium just outside 
the capsule of almost all the glomeruli there was a thin layer of polynuclear 
leucocytes. In certain afferent arterioles the endothelium was swollen and the 
narrowed lumina contained polynuclear leucocytes which were continuous with those 
in the capillary tufts. . 

Scattered throughout, and chiefly in conjunction with the pericapsular poly- 
nuclear infiltration, there were small focal interstitial collections of polynuclear 
leucocytes which in places had penetrated to the lumina of adjacent tubules. A 
careful search through numerous sections of kidney revealed only a single instance 
where a portion of a tuft appeared to be plugged by an embolus. 

The renal arteries appeared natural. 

Spleen - — There were multiple infarctions. Thrombi were in many vessels, wi 
exudation of polynuclear leucocytes in considerable numbers into the perivascular 
parenchyma. The pulp spaces in areas distant from the infarcts showed numerous 
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polynuclear cells. The lymph follicles stood out very prominently, hut were not 

hyperplastic. No gross hacterial colonies were made out. 

Hver cells appeared swollen. The Knplfer cells were prominent, their 
cytoplasms containing small pigment granules. The sinusoids contained polynuclear 

leucocytes. There was slight passive congestion. . ^ 

Stomach . — The stroma of the mucosa showed an intense suppurative inflammation. 

Prostate and Testes . — Essentially natural. 

Brain . — The cortex was natural, although a few vessels showed some perivascular 
exudation of polynuclear leucocytes. There was marked leptomeningeal congestion, 
with thickening; numerous polynuclear leucocytes were seen, most of which were 
around the vessels. 

Bacteriologic.^l Findings. — As soon as the sternal plate had been removed, the 
pericardial sac was seared with a knife. About 20 c.c. of straw-colored cloudy 
fluid were removed with a sterile syringe. Part of this fluid was cultured in 
hormone broth and hormone agar, while the remainder was used for making 
smears. The smears made from the unsedimented pericardial fluid revealed nu- 
merous pus cells and gram-negative biscuit-shaped diplococci, many of which ivcrc 
included in the pus cells. Both the culture media revealed the same organism in 
pure culture in forty-eight hours. Postmortem blood cultures were also made in 
hormone broth medium. Gram-negative biscuit-shaped diplococci were also re- 
covered in forty-eight hours. 

On hormone agar plates, the organism grew with the characteristics usually 
ascribed to the gonococcus. The culture unfortunately died out before sugar tests 
could be performed. 

COJIMENT 


The situatiou of the abscess at the commissure, together with the 
continuity, traced microscopically, of the suppurative vegetation and 
the inflamed pericardium at the aortic junction, explains the pericar- 
ditis; and, in view of the preponderance of aortic lesions in this con- 
dition, makes the comparative rarity of the complication noteworthy.® 
Interesting also is the demonstration, in 'Weigert-elastic-stained sec- 
tions, of remnants of the aortic valve ; no vascularization can be made 
out, and the vegetative process would seem to be laid down from with- 
out, rather than originating as an intrinsic embolism from the primary 
focus. Although there is no focal myocarditis of the tjTpe character- 
ized by Aschoff’s bodies, the changes in the mitral valve, with -the 
patchy myocardial fibrosis, and also the old lesions in the aortic valve, 
point to the existence of a previous inflammatory process, probably 
rheumatic in type and having as its etiology the childhood chorea. 
The occurrence of the acute endocarditis on the previously involved 
aortic valve is relatively rare, according to Thayer. 

The kidney changes are those of an early acute intracapillary and 
extracapsular glomerular nephritis, and of an acute focal interstitial 
nephritis. These renal changes must be interpreted as being on a 
oxie or septic rather than on an embolic basis, as the latter phenome- 
non was observed only in rare instances. The microscopical findings 
n the meninges; namely, the presence of an early acute suppurative 
leptomenmg.ta, were not noted in the gross examination, and prTb- 
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ably represent a terminal process similar to that found in conjunction 
with pueumocoeens endocarditis, wliei-e a pneumococcus meningitis is 
an almost invariable terminal finding. 

PROGNOSIS AND TREATMENT 

^ The usually fatal course of gonoeoeeus endocarditis seems well estab- 
lished. Recoveiy -was reported in several cases noted by Thayer, and 
in a few recent instances. Perry® records the ease of a young man 
with a gonococcus bacteremia proved by blood culture, with the physi- 
cal signs of a pulmonaiy valvulitis, from which repeated emboli were 
discharged to the lungs. The patient experienced a very severe re- 
action following vaccine therapy, which was consequently discon- 
tinued,- but after the use of repeated small blood ti’ansfusions he re- 
covered, the total course of his disease being three and a half months. 
Jagie and Schilfner" report 3 eases of so-called gonococcus myocar- 
ditis, characterized b 3 ’- constitutional signs of septicemia, dilatation of 
the heart demonstrated orthodiagrammatically, and cardiac irregu- 
larities. All recovered, but details as to methods of treatment, aside 
from that of the primary local condition, are lacking. Gonococcus 
vaccine has been extensivelji- emploj^ed, mostly without anj^ beneficial 
result. Aubertin and Gambillard® treated a case unsuccessfully 
wdth antigonoeoceie serum. Kramer and Smith® report 2 cases in 
wdiich sudden death followed six to ten hours after the intravenous 
injection of mereuroehrome ; no autopsy was obtained in these eases, 
and the diagnosis, although stronglj’- presumptive, Avas uneonfimed 
bj’" blood culture. One of McCants’^® patients, treated bj'’ intraA'enous 
mereuroehrome, died suddenljq apparentl.y of a ruptured heart, but 
autopsj'' proof was lacking. Electrargol^ and intravenous metaphen^® 
are examples of other therapeutic agents unsuccessfully tried by other 
authors. 

NOTES ON CASES PROM RECENT LITERATURE 

The 12 cases submitted in the present summaiy are indicated by 
asterisks in the list of references. Rieeker’s^® case had its onset se^mn 
Aveeks after the urethritis, an unusually long period. The case of 
Grenet et al}* Avas a nine-j'-ear-old gird AA'ho had been in the habit of 
sleeping AAdth a sister AAdio had an active gonorrheal vaginitis ; in this 
case meningitis was also present, due to the gonococcus, the differ- 
entiation having been eonelusivety proved by sugar i-eactions. The 
ease of Lion and Levy-Bmhl was diagnosed in life by a positiA^e ag- 
glutination for gonococcus, this being confirmed after death by cul- 
tural methods. Lefebure’s®® ease was diagnosed by pure culture from 
an aspirated purulent pericarditis. A positive complement-fixation re- 
action was reported in Warfield V® case, in which no genital gonorrhea 
Avas present at the time of examination. Vigoff^ reports a case of a 
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man of twenty-nine years dying eight weciis after the onsc . 
urethritis, in which gram-negative diplococci were demons . i a et on 
histological examination of an aortic valve vegetation, all cultures 
haring been negative. McCants^" found gram-negative diplococci in 
aspirated pericardial fluid, hut cultures were sterile and no autopsy 
Avas obtained. Another case reported by the same writer .showet a 
vegetative aortic valvulitis Avith a purulent pericarditis, but cultures of 
fluid and blood Avere negative. The cases of Edivards’^ and of 1-jrebnei 
and Buchanan’” presented no special features, but carried conclusive 
bacteriological proof of the diagnosis. One of Pratsikas’-” cases hod 
a positive blood culture for gonococcus during life; anoOicr shoAved 
gram-negatiA’c diplococci on postmortem culture of a mill al a egetn- 
tion, but their identity as gonococci Avas never definitely establislied. 


SUMMARY 

A fatal ease of gonococcus endocarditis Ai’^ith detailed autop.sy find- 
ings is reported. Acute endocarditis folloAved a urethritis and affected 
an aortic valve Avhich Avas already damaged by rheumatism. 

Ill addition to acute vegetathm endocarditis of the aortic valve, 
autopsy revealed chronic productive changes in both mitral and aortic 
Amlves, subendocardial abscess nuth extension to the pericardium, dif- 
fuse suppurative and hemorrliagic pericarditis, acute intracapillary 
gloineinilar nephritis, acute focal interstitial nephritis, parenchymatous 
degeneration of the kidney's, infarction and suppuration of the spleen, 
degeneration and congestion of the liver, suppurative gastritis, pul- 
monary congestion, bilateral hydrothorax, ascites, conjunctival pctcchiae, 
suppurative leptomeningitis, gangi-cne of the legs, and a decubitus ulcer. 
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THE DIAGNOSTIC VALUE OP EPINEPHRINE IN 
ANGINA PECTORIS’=^ 


L. N. Katz, ]\'r.D., ^Y. W. HAivtBURGER, M.D., and M. Lev, M.D. 

Chicago, Ide. 


L evine, Emstene and JaeobsoiP have recently advocated the use of 
epinephrine to differentiate between angina pectoris and other con- 
ditions attended by precordial distress. They found that 1 c.c. of a 
1 /lOOO dilution injected subcutaneously reproduced the attack in cases 
of angina pectoris but not in their control gi’oups. The T-wave in the 
angina group increased in height in Lead II, whereas in their contiol 
group the T-wave decreased. This last observation confirmed that of 
Clough^ who found that wRile epinephrine occasionally increased the 
T-wave, it decreased the T-wave in all leads in the majority of cases of 
normals and patients wnth “irritable hearts.” However, the electro- 
cardiographic changes during spontaneous angina pectoris are not 
similar to those reported by Levine, Ernstene and Jacobson. Thus, Feil 
and SiegeP have recently pointed out that tlie characteristic change in 
the electrocardiogram during an attack of angina pectoris is a depression 
of the S-T segment such as is seen in coronary occlusion. They found 
a variable change in the T-wave in their cases, viz., flattening, inversion 
and increase in amplitude. Conmn and Ritchie^ reported a flattening 
and inversion of T-wave during the angina attack. Furthermore, Cot- 
trell and "Wood, recently reported that in a case in -whicli they tried 
epinephrine they obtained so severe a reaction, that they warn against 
the indiscriminate use of this test. 

For these reasons the subject was reinvestigated, on a group of six 
eases of known angina pectoris, on a group of six normal internes and on 
a ease of “irritable heart” with preeordial distress, and one of luetic 
aortitis with preeordial distress.t In every case tlie patient was put to 
rest in the decubitus position for one-half hour before starting the ob- 
servations. Serial electrocardiograms were made; the blood pressure, 
heart rate and in some eases the respiratory rate were followed and the 
subjeetwe symptoms of the patient recorded. As a check, in suitable in- 
stances, the patient was subjected to a mild exercise to bring on his 
symptoms. 

The results are assembled in tabular form in Tables I, II and III, and 
characteristic curves are sliovm in Figs. 1 to 5. In the normal cases,’ pre- 
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- Indicates a change in a downward direction. 
+ Indicates a change in an upward direction. 



Table II 

Abnoriial Cases (Not Anginal) 
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+ Indicates a change in an upward direction. 



374 


THE AMERICAN HEART JOURNAL 



- Indicates a change in a downward direction. 
+ Indicates a change in an upward direction. 




Indicates a change in a downward direction. 
Indicates a change in an upward direction. 
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cordial distress was noted in two of the six subjects following adrenalin 
1 the angma cases three of the six patients had no pain, although in one 
oi them a typical pam attack was produced by exercise. Of the two ab- 
nornml cases (not anginal), one had an attack of pain over the nre 
cordium while the other did not. It would seem from these results thai 
the production of pain by epinephrine is not a reliable sign of angina 
pectoris. Furthermore, the pain when produced in two of three angina 
eases was long lasting and upset the patients greatly, and in one was 
not checked by nitroglycerine. Even in the normal eases, one of the 
subjects had a severe sjunptomatic reaction presumably because of a 
susceptibility to epinephrine. 



Fig:. 1. — Effect of epinephrine on the electrocardiogram of a patient (M.'W.) with 
angina pectoris. A, control ; Sj eleven minutes ; <7, nineteen minutes after subcutaneous 
injection of 1 c.c. of 1/1000 epinephrine. 


The most characteristic electrocardiographic change produced by 
epinephrine in the angina cases was a deviation dmvnward of the S-T 
interval which gave the electrocardiogram an appearance similar to that 
seen during spontaneous attacks of angina (Pigs. 1 and 2). In one ease, 
however, even this change was absent. However, a similar change was 
seen in the patient with the “irritable heart” (Fig. 4). In several of 
the normal subjects, the S-T interval was found to be slightly positive 
normally and the epinephrine tended to depress it to the isoelectric level 
or beyond (Pig. 5). It would seem, therefore, that qualitatively theie is 
little difference in the effect on angina patients and others, although 
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Pig. 4. — Effect of epineplirine on the electrocardiogram of patient (C.T.) witli an 
“irritable heart." A, control ; B, seven minutes, and C, fourteen minutes after sub- 
cutaneous injection of 1 c.c. of 1/1000 epinephrine. 


quantitatively the effect was moi’e marked in the angina patients. The 
effect of epinephrine on the T-ivave was to decrease the amplitude of 
the wave in practically all the cases, normals as well as angina cases 
(Figs. 1, 2, 3, 4 and 5) even when the T-wave was inverted to start with 
(Fig. 3, Lead III). However, in two cases of angina when there was a 
noticeable left axis shift to start ivith, the T-wave in Lead III became 
more upright. In the majority of cases the duration of T decreased. 

From these results it seems that the change in the electrocardiogram 
produced by epinephrine also is unreliable as a test of angina pectoris, 
although in many eases of angina the change in the S-T segment during 
epinephrine administration was similar to that ocemming during spon- 
taneous attacks of angina pectoris and during those induced by exercise. 

The reaction of the blood pressure and heart rate was the same m 
angina cases and in others except that a drop in diastolic pressure was 
seen less often in the angina cases (Tables I, II and III). 





Pig. 6. — Effect of epinephrine on ti\G electrocai-aiograTn of a normal Indiviaual (Dr. 
Ste.) A, control; P, eiglit minutes, and C, twenty-five minutes after subcutaneous in- 
jection of 1 c.c. of l/lOOO epinephrine. 


SUMM.VRY 

Epineplirhie as a test for angina pectoris was found to lie unreliable 
in regard to both the symptoms produced and the electrocardiographic 
changes. This unreliability makes the test of little valnc, particularly 
in view of the severe reactions sometimes encountered. 

assistance and to the six internes 
who subjected themselves to the test as controls. 
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A CHAET FOR THE DIFFERENTIAL DIAGNOSIS OF GAT^DTap 
ENLARGEMENT BY MEANS OF THE ROENTGEN RAY’^^ 

George Leatsne, M.D., and Williaai D. Reid, M.D. 

Boston, ]\'Iass. 


JN THE roentgen study of heart disease it is found that distinctive 
lesions are frequently associated with characteristic changes ivhieh 
can he seen on the film. Tabulation of these changes enhances their 



Fig. 1. — LA, left auricle ; LV, left ventricle ; RY, right ventricle ; RX, right auricle ; 
CX -T- CV = index of auricular ventricular ratio ; right median -f- left median = trans- 
verse ; VX, length ; P, pulmonary artery. 


identification with clinical cardiopathies. The chart is presented to facili- 
tate this tabulation and to indicate a presumptive roentgen diagnosis. 

Observations are based both on fluoroscopic studies and on measnre- 
ments of the teleroentgenogi’am. The measurements, many of Avhich 
were derived by Vaquez and Bordet^ from anatomic landmarks are 
illustrated in Fig. 1. A line running through the center of the spinous 
processes serves as a base line. Perpendiculars to this line from the 
point of greatest distance on the right and on the left, establish the right 
and left median diameters (or transverse diameter) of the heart. 


»From the Departments of Roentgenology and Cardiology of the 
for Clinical Research and Preventive Medicine, and the Massachusetts Memorn 
pitals, Boston, Mass. 
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Differential Eoentgen Diagnosis of Cardiac Enlargement 


LE^^NE AND REID: DLAGNOSIS CARDIAC ENLARGEMENT 
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A line (FA) joining the he^iiing of the right anricnlar shadow and 
the apex measm-es the length of the heart. Peipendiculai’s to this line 
from the eardiophrenie angle (R) and the aurieulo-Yentricular Junction 
(L) establish the right and left obliqne diameters which show the de- 
velopment of the base of the heart. 

If FX is intersected (at C) by a line Joining the eardiophrenie angle 
on the right {R) with the am-iculo-Yentrichlar junction on the left (i), 
the heart shadow is divided into two areas; auricular area above the line 
RL and ventricular area below it. The length of the segment GX diidded 
by the length of the segment CV establishes an index of auriculo- 
ventrieular ratio.= In normal hearts this varies between 0.534 and 0.704. 
In the presence of auricular enlargement the index rises to 0.800 or more. 
When there is preponderant enlargement of the ventricles, the index falls 
to 0,500 or less. 

The lines RX, RV, LY, LA show respectively the development of the 
several chambers, viz., right auricle, right ventricle, left ventricle and 
left auricle. 

The bisector, a pei’pendieular from the point of gi'eatest bulge of the 
border of the left ventricle to the line measuring its chamber (LY), 
shows the degree of development of the left ventricular myocardium. 

In the application of these measurements to the roentgen diagnosis of 
heart disease (Table I) it will occasionally be found that not all the 
positive observations which indicate the lesion in question are present. 
This does not appear to detract materially from the method of analysis 
and correlation of roentgen findings herein described. If the salient 
features of a distinctive cardiopathy are found, and particularly if the 
clinical evidence agrees, a roentgen diagnosis in terms of the valve or 
chamber involved may be made with confidence. 

If the evidence does not establish a definite diagnosis, it may suggest an 
error in the roentgen measurements, or the chart may not have been 
correctly used, or the case is too ohscm*e to warrant a positive diagnosis 
at the present state of our roentgen knowledge. 

The chart may suggest that two or more lesions exist. This may well 
be, since vai’ious combinations are often found in tbe same patient. 

The space limitations of a chart preclude extensive and detailed de- 
scriptions. An attempt is made to indicate only the distinguishing 
characteristics of the various heart lesions. A more detailed account has 
been presented elsewhere.®* ^ 
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an instrument to determine the direction 0 ^ 

ELECTRICAL AXIS OF THE HUMAN 
ELECTROCARDIOGRAM'^ 

Based on the Graphic Method op Carter, Richter, and Green 

Morris Goodaian, M,D. 

New York. N. T. 


TN 1919) Carter, Richter, and Green^ described a graphic method for 
determining the direction and "manifest value of the electrical 
axis of the human electrocardiogram. The method makes use of the 
principle of the eq^uilateral triangle described by Einthoven. 

By a slight modification, and its application in the form of a handy 
instrument (Pig. 1), the method has found considerable usefulness in 
our hands. The angle and manifest potential of an electi'ical axis can 
be estimated in a few seconds. The instrument is particularly valu- 
able for teaching purposes, because it makes possible a ready under- 
standing of the principles of the equilateral triangle and also the visu- 
alization of the changes of the electrical axis in a cardiac cycle. 

The method makes use of a graphic figure in which an equilateral 
triangle with the base directed upward is enclosed in a circle, the 
center of which is also the center of the triangle. Beginning at the 
midpoint of each side, perpendiculars directed to the three sides of 
the triangle are drawn through its interior at units representing milli- 
meter intervals. The three sides of the triangle represent the three 
leads. Lead I, Which is the base, is divided into right (positive) and 
left (negative) sides, corresponding to upward and downward deflec- 
tions of the electrocardiogram. Lead II, the left side, is similarly 
divided into halves, an upper (positive) and lower (negative), as is 
also Lead III. In such a geometric system a line extending from the 
center when projected on the three sides will give a value on the left 
side (Lead II) which will equal the algebraic sum of the projections 
on the other two sides. Since Einthoven^ has shown that this rela- 
tionship holds for the human electrocardiogram, that is the values of 
simultaneous points on the three leads are such that Lead II = 
Lead I + Lead III ; and since the three leads of the electrocardiogram 
represent the projections of the electrical axes, by substituting simul- 
taneous values on the three sides of the triangle and reversing or pro- 
jecting toward the interior, the electrical axis is delineated. 

The instrument is made of aluminum. Perpendiculars are drawn 
only to Leads I and III. It is obviously not necessary to draw them 
to all three leads. The perpendiculars are extended outside the tri- 
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angle to include values exceeding two millivolts. Attached to the 
center of the triangle is a revolving arm which is divided into units 
similar to those which divide the sides of the triangle. This arm 
extends beyond the surrounding circle. The circle is divided into 
degrees beginning from a point on the right which forms a horizontal 
with the center. The values below that zero point are arbitrarily 
called positive, those above, negative. 



Fig. 1. 


Simultaneous values are marked off on Leads I and III. The limits 
of these values are followed along the perpendiculars. The zero limits 
will of course intersect at the center, the outer limits will intersect at 
the outer limit of the electrical axis. By bringing the revolving arm 
to the point of intersection, the arm will represent the direcLon of the 
electrical axis, and on it the value of the manifest potential can e 
read. The arm will also read off on the circle the degrees the electri- 
cal axis makes with the horizontal. Thus, at once both the mam es 
value and the angle of the electrical axis can be determined. 
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Example: Points A represent simiiltaneovis values on the two leads, 
pjg, 2. — ^The electrocardiograms have been standardized so that 
every centimeter of deflection represents a millivolt. The value of 
point A in Jjcad I == 4 millimeters (0.4 millivolts) diiected upwaid; 



Ihorefore measured to the right on the instrument. A on Lead III = 
4 millimeters (0.3 millivolts) and is also directed upward; therefore 
measured on the positive side of Lead III. The perpendiculars of 
these points meet at B. 


Fig. ].~By bringing the arm around to the intersection, the mani- 
fest value can be read and is equal to 0.7 millivolts. The circle is 
mtei-socted at 4 03°,- j.e. electrical axis directed downward 53° from 
the horizontal. 


Tlic autlior wislir.s to e.xprc.ss liis appreeiation to Dr 
•iul in this vrork. 


A. C. De Graft for his 




SinlVplVof'thl^Enmirto^ Graphic AppUcation of the 
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JVr KtentiaUchSknice?\m fj? D'H-htung und die manifeste 
Hinflu?,. dcr Hcrr.l.ngc .nnf die Form do,'' r Dehor den 
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Department of Clinical Reports 


A CASE OP CORONARY THROMBOSIS WITH TEMPORARY 
COMPLETE HEART BLOCK'^ 


Olga S. Hansen, M,D. 
Minneapolis, Minn, 


I N ORDER to add to the records of disturbances of rhythm in coro- 
nary thrombosis the following case is reported. 

A male laljorer, aged sevontj'-sevcn years, •with a history of anginal attacks for 
at least nine j-cars, developed an attack of severe siibsternal pain after . lifting a 
heaN-j' -weight. Pallor, fever, leucoeytosis and fall in blood pressure led to a 
diagnosis of coronary thrombosis. A systolic murmur, not present on examinations 
prior to this illness, appeared and increased in loudness and rouglmess over the 
lower precordium and was associated with a prolonged systolic tlirill just within the 
apex. These findings developed to a maximum by the fifth day and persisted until 
death which occurred suddenly on the twelfth day. Post-mortem examination was 
not permitted. 


The electrocardiograms are of interest in that they show a complete 
dissociation between auricle and venti’icle on the fifth and the eighth 
day after the onset of the illness, but a normal auriculo-ventricular 
conduction time (.20 sec.) on the tivelfth daj’" shortly before his death. 
One can surmise the presence of a thrombus extending into the ven 
ti’icular cavity in such a way as to cause a systolic murmui and thn , 
and an involvement of the auriculo-ventricular bundle by an area of 
transient tissue pathology which developed on the fifth day to a pom 
of blocking impulses, and had again returned to approximately nor- 
mal function by the ninth day (clinical return to nomal pulse rate), 
proved by electrocardiograms on the twelfth day. 

The case is presented because of tivo points of interest. 

1. A rough murmur and thrill developed over the preeor mm 
the’early days following a case of coronary thrombosis. 

2. Complete heart block developed on the fifth day and disapp 
the ninth, although the patient died suddenly on the twelftn a y. 


on 


•From the Department of Medicine. The Nicollet Clinic. 
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AN UNUSUAL CASE OF LEFT-SIDED DISPLACEMENT OP THE 

HEARTS 

Louis H. Sigler, M.D. 

Brooklyn, N. Y. 

■p\ISPLACBj\IENT of the heart from its normal position may he 
congenital or acquired. Of the congenital displacements, the 
usual form is dextrocardia, which may be due to simple rotation on a 
vertical axis, or to complete reversion. Rarer forms are incomplete 
heterotaxy and ectopia cordis. Of the latter there are three forms, 
according to Ellis’ — Cervical, with displacement of the heart to the 
neck; pectoral, with displacement to the anterior chest Avail through 
a A'ertical slit in tlie sternum ; and abdominal, with displacement into 
the abdomen tlirough a congenitally maldeveloped diaphragm. 

Of the acquired forms, the displacement may be to the right or left 
and upward. Because the heart is relatiA^ely fixed at the base by the 
great Amssels and relatively free at the apex, displacement, to Avhat- 
ever side it may take place, is moi*e or less rotatory and transA’^erse. 
The greatest moA’-ement is at the lower portion, Avhile the basal area 
may remain in an approximately normal position but rotated. 

The extent and nature of acquired displacement Avill depend, hoAV- 
CA^er, more on the causatiA'’e factor or factors than on the natural re- 
sistance offered by the heart attachments. The causative factors in 
the main are two: pressure and traction. The first includes certain 
bony deformities of the chest, and some forms of mediastinal and 
pleuropulmonary disease, such as hydrothorax, pneumothorax, tumors, 
aneurysms, emphysema, and others. The second includes pleuroperi- 
cardial adhesions reaching the bony part of the thoracic cavity and 
extensive enough to OAmrcome the natural resistance to displacement. 

The differentiation betAveen congenital and acquired displacement 
is based upon the character of displacement, associated pathological 
states, and duration. Acute displacements are easily recognized as 
acquired. Chronic displacements attributable to adhesions or bony 
protuberances are likewise easily recognized as acquired by associated 
chest deformity. When no such pathological conditions are found, 
the condition may be considered congenital, although in I’are eases Avith 
a histoiy of thoracic injurj- in early life, the question of etiologj" may 

remain unanswered. ' . , 

The following case is presented because of its extreme raiity, an 

of some doubt as to its etiology. 

•From the Department of Medicine, New York Post Graduate Medical School of 
Columbia University. 
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CASE REPORT 

D E male fifty years old, came to the cardiac clinic of the Sarbor 

had had four Lildren, one of ^vhom died at eight months from some acute dis- 
ease: the others are ivell. a 

A point of interest in his history is that at seven years of age he fell from 

third story window and was laid up for several months, the outstanding symptom 
which he can remember being severe cough. He did not know the real nature o 
his injuries. Since then, however, he enjoyed perfect health, always working hard, 
and but once had the “grip” for several days. He was told about thirty years 
ago that there was something wrong with his heart. 



Pig:. 1. — Antero-posterior view of the chest. Arrows 1 show tlie tracliea and pri- 
mary bronchi. Arrow 2 shows the esophagus. Arrow 3 shows the spine. Arrows 4 
show the heart and great vessels. The heart, great vessels, trachea, primary brondii, 
and esophagus are displaced to tiie left of the spinal column. The esophagus Is seen 
to approach the center of the spine in its -descent. The spine is seen to run somewhat 
obliquely from above downward and to the left. 

The physical examination revealed a well-developed, robust male, of good nutri- 
tion and normal color. His pupils reacted normally, and his nose, mouth, throat, 
and neck were negative. His chest was of normal shape and size, with no bulg- 
iugs, retractions, deformities, or abnormal pulsations. The lungs were negative, 
and normal vesicular resonance was heard even over the area which in normal per- 
sons is occupied hy superficial cardiac dullness. No cardiac dullness was elicited 
over the normal precordial area, and no visible or palpable apex impulse was pres- 
ent anywhere over the anterior chest. Examination of the left axilla revealed an 
area of visible and palpable pulsation, about two inches wide in the midaxillary 
line between the sixth and eiglith ribs, and extending from four centimeters from 
t e spine posteriorly to the anterior axillary line. No systolic retraction of the 
ciest wall in this region was visible. The first heart sound was heard best at the 
area of maximum pulsation, while the second sound was heard best two inches 
higher The sounds were of normal intensity and cliaracter, and could be heard 
well throughout the area of dullness. No sounds were heard over the area of the 
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posture of Hie patient changed the heights of the complexes and to some extent 
also their dmection. The greatest change in direction occurred when the patient 
iras placed in the right lateral position. 


COMMENT 

A perusal of the literature failed to show a similar case of sinistro- 
eardia, although numerous eases of dextrocardia are on record. Ac- 
quired sinistroeardia, due to well-recognized pathological processes 
does occur, and has been recentlj^ described by D’Hour.^ The under- 
l3dng cause or causes can, however, be demonstrated in such cases. 
Besides, in acquired sinistroeardia the heart is placed more trans- 
versely, tlie basal vessels remaining in a more or less normal position, 
unless they are pushed aside bj'' a big tumor mass in the mediastinum, 
a condition easil}^ recognizable clinically and on roentgenologic study. 

In our case there tvere absolutely no signs of circulatory impedi- 
ment or gross pathology of sufficient extent to produce such displace- 
ment. Although there is a histoiy of injuiy in early life with resulting 
illness for several mouths, there were no signs of pleuropericardial 
adhesions to be found on physical, fluoroscopic, and electrocardio- 
graphic study, which might be taken as an indication that injury was 
the cause of this unusual displacement. Although the spine is some- 
what obliquely placed, it likewise cannot be considered to be the 
cause of the displacement, the obliquity being rather opposite in direc- 
tion to that of the displacement. 

From the nature of displacement, involving other mediastinal struc- 
tui’es ; from its long duration, the patient having been told thirty years 
ago that “there was something Avrong with his heai’t"; and, from the 
fact that there Avas no circulatory or respiratory embarrassment that 
might be caused by an acquired lesion; also, from the absence of any 
signs of adhesions, Ave may conclude that the condition is congenital. 
As such, there is to my knowledge no other similar ease reported. 
There is one case reported of a congenital defect of the left wall of 
the pericardial sac^ Avith sudden death caused by sudden displacement 
of the heart through that opening, into the left pleural cavity, duiang 
labor. Until this accident the patient aa^s apparently perfectly normal 
all her life. 

The peculiar behavior of the electrocardiogram in the various leads 
may be accounted for by the fact that the electrical axis does not bear 
the normal relationship to the standard leads in this case, due to rota- 
tion and displacement. 

SUMMARY 

A case of sinistrocaaAia, most likely congenital, is reported, Avliich 
from perusal of the literature appears to be the only one of its kind on 
record. The outstanding features in the case are : (a) Healthy ma e, 
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fifty years old, wlio liad gone tlirongli life without any circulatoiy or 
respiratory embarrassment; (h) the heart with its basal vessels was 
entirely displaced to the left of the spinal column; (c) other mediasti- 
nal contents, such as the esophagus, trachea, and bronchi were like- 
wise displaced. Although a history of injury is given, it seems to be 
a mere coincidence, as there is no definite evidence of a pathologic 
condition present, the nature of which might be considered to be the 
cause of the displacement. 
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SA]\IOILOPF AND HEITZ 

Eminent 'Contributors to Cardiovascular Literature 


Alexander Philip Samoilofp. 1867-1930. 

A distinguislied worker in the physiology of muscle and nerve and a 
pioneer in electroeardiography was Professor Alexander Philip Samoi- 
loff of Kasan, U.S.S.R. (Russia), whose death was an unhappy surprise 
to his many friends the ivorld over. Not only because of his eminence 
in cardiology but also because of his wide acquaintanceship it is a 
pleasant duty to publish for his English-spealcing friends, and for others 
too, who maj^ read this Journal, a brief account of his life and ac- 
comiilishments. Last year in Russia a memorial number of the Kasan 
Medical Journal was published in honor of Professor Samoilotf (April- 
May, 1931, No. 4-5) ; the first article Avas an appreciation bj’" Professor 
PaAdov of Moscoav Avith Avhom Samoiloff had at one time AA'orked. This 
brings to mind a somcAvliat similar reminiscence in the American Heart 
Journal in June, 1930, by Professor Samoiloff himself of Einthoven, 
the inventor of the string galvanometer, whose death occurred in 1927. 

Alexander Philip Samoiloff Avas boim in Odessa in 1867. He attended 
a government high school and then the University of Odessa, from which 
he was graduated in 1888 as a Bachelor of Natural Science. He entered 
the Medical School of the Unn^ersity of Derpt the same year, was gradu- 
ated in 1891, submitted his thesis in 1892, and Avas thereupon aAvarded 
the degree of Doctor of Medicine. For a fcAV months he practiced medi- 
cine in Odessa and then spent another few months working in a severe 
epidemic of cholera in Siberia. Prom 1893 to 1894 he was assistant to 
Professor PavloA’' at the Institute of Expeinmental Medicine in Petro- 
grad where he deAdsed some improA’^ements in technic in the operations 
on animals AA^hose digesth’^e functions were being studied by means of 
fistulas, and where he made a thorough investigation of Mett’s method 
for the determination of certain ferments. In 1894 to broaden his ex- 
perience and training Samoiloff transferred to the University of Moscoav 
where he beeame assistant to Professor Schechinoff who was particularly 
interested in physical and chemical methods of physiological study. It 
was here that Samoiloff became interested in physiological- physics Avhieh 
led him to spend the rest of his life studying the manifestations, and in 
particular the electrical manifestations, of the action of muscle and 
nerve. When Professor Samoiloff was in Boston a few years ago, he 
gave an address at the Massachusetts General Hospital in the course of 
which he referred to the importance of physiological studies on heart 
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“^^896 Samoiloit u’os appointed Associate Professor of 
at the Tlnimrsitr of Moscow and for tl.e next seven years he conducted 
t p*dS“hc course in physiology for the students of the school of tned.- 
cino and of the school of natural science, fn 5903 he was appointed u 
Professor of Phsoiiology at the University of Kasan ni eastern Knssia 
and continued in that position until his death in 1930, allhougl, during 
the last few years he travelled to Moscow frct,uciitly to give leeture.s at 
the Universitv tliere to supplement tbc course in pbysiolofry. He 
always responded to suck calls of duty and made especial efforts to beep 
in toneb witli bis colleagues in physiology in other parts of the world m 
spite of the great difficulties that surrounded him during and after the 
Russian revolution. This is attested by bis attendance in late years at 
the International Phj'siological Congresses in Stochholm in 3926 and in 
Boston in 1929. It was during his two visits 1o America in 3926 and 
1929 that I derived much plea.snrc and stimnlnlion from coni act with 
Professor Samoiloff and from acquaintance with his family. Two sons, 
twin youths, have settled down in America as engincer.s to carry on the 
professional activities of the family, while I^radamo Samoiloff and an 
older daughter remain in Russia teaching and conducting scientific in- 
vestigations. A younger daughter is a university student. 

Among Professor Samoiloff ’s contributions to electrocnrdingrapliy arc 
the following papers : 

Eleictroliardiograinnistudicn, BcJtr. %. Pliysiol. n. Pathol. (Otto W’^cibs), 190S. 

Elektrohardiogramme, Saminl. niiat. physiol., Vorfriige u. AtifsUtzc (Gaupp .niul 
Nagel), Jena, 1909. 

Praktische Notizen zur Handhabung dcs Saitengalvanoniclcrs mid ziir photo- 
graphischen Begistration seiner Aiisschliigc, Arch. f. Anat. u. Physiol. 47S, 1930. 

Weitere Beitriige zur Elchtropliysiologic de.s Ilerzens, Arch." f. d, acs Pltrsiol 

135; 417,1910. i b , u. ^ uibiui. 

Vorziige der mehrfachen Ablcitnng dcr Herzstrdinc bei Elchtrohardiograni- 
mantnahmen lUustriert an zwei Bcispielen, Arch. f. d. ges. PIvysiol. 153: 195 191.3, 

Ueber die Vorhoferhebung dcs Elektrolcardiogrnimns bei jMitr.alslcnosc,’ (With 
Steshinsky, M.) Mnnchen. nied. Wchnschr. 66: 3942, 1909. ^ 


Jean Heitz, 1S764930. 

A little more than a year ago Jean Heitz died in Seville, followiim a 
brief acute infectious illness while on a visit to Spain to conduct con- 
ereuces Wore the medical faculty in Madrid and in ,Sau Sebastian and 

d expected bun to have many more years of active work in study and 
Ptaetree. He bad edited the Proueh heart ionr„a!-Arri“s efc 

“uirwtt 

while be was at the front 
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Born in Paris in 1876, the grandson of a physician, Heitz was a bril- 
liant scholar even in his early childhood. In 1895 he studied medicine 
TUidei Hayem, Netter, and Seglas and completed his medical training 
under Landrieux, Miehaux, Dejerine, Meriden, Bezangon, and Bahinslri. 
It was in the service of his master, Pierre Meriden, that his interest in 
cardiology began, and that his idea came to create a physiotherapeutic 
establishment in France for patients with heart disease. 

In 1903 he published his inaugural thesis “Les nerfs du eoeur des 
tahetiques” for which he was awarded a silver medal. That same year 
he was named laureate of the faculty of medicine and installed himself 
at Eoyat after a visit to study the organization of the baths at Nauheim. 
Koyat under the direction of Jean Heitz became the French health re- 
sort for patients with hypertension, and there Heitz carried on clinical 
investigations on hypertension and other aspects of circulatory disease. 
In 1907, as noted above, he became editor of the newly founded Archives 
des maladies du coeur. 

Prom 1914 to 1919 he took an active part in the French military med- 
ical service, carrying on in connection with this service investigations 
on arterial lesions with Babinski, Labbe, and LetuUe. It is for his work 
on arterial obliteration that he received the Bourceret Prize in 1926. 
Soon after the war, in July, 1919, he received the cross of the Legion of 
Honor. 

Prom 1919 until his death in 1930 Heitz spent most of his time at 
Eoyat but studied in Paris during the winter months. He served as 
president of the Medical Society of Eoyat during the years 1927 and 
1928 and in 1929 became president of the Society of Hydrology of 
Prance. 

Not only in medicine was Heitz an able student and contributor but 
also in literature and art. Articles from his pen on Stendahl and Balzac 
were much appreciated in literary circles, and he took great delight in 
gathering together a fine library. 

In writing this brief review of the life of Jean Heitz I wish to testify 
to the charm of his character, to the warmth of his hospitality during the 
war and afterwards, and to his great kindness in affording opportunities 
of seeing some of the heart work in Prance and of studying rare volumes 
in his fine library. 


Paul p. White 


Department of Reviews and Abstracts 

Selected Abstracts 


SMgal, Davia, Seegal, Beatrtce Carrier, and Jest, /■ ; 

lactic Inflammation in the Rahhit Pericardinm, Heart and Aorta. J. Expei. 

Med. 55: 155, 1932. 


An intense inflammatory reaction in the pevicavdinra, lieart and nih-apermardml 
aorta can regularly be produced in a sensitized rabbit by the intrapermardial infec- 
tion of homologous antigen. Tlie appearance of this reaetioii in sensitiKed animals 
is a manifestation of the Arthus phenomenon. The appropriate anion of antigen 
and antibody in such an area as the pericardial cavity leads to striking cbanps. 
Gross changes were present in thirteen of the seventeen sensitized animals studied. 
The lesions of ' 'spontaneous interstitial myocarditis” could be found after careful 
study hi about one-half of these animals. 

The authors believe that a possible explanation for the deve.opment of the niyo- 
earclitis in these animals may be found in previous work which showed that such a 


substance as trypan bine would extend back through the rabbit heart after iiitrn- 
pericardial injection. They believe that the diffusable antigen in the present experi- 
ments might pass through the myocardium and produce the changes noted in the 
heart. 


Ctiep, Leo H.; Electrocardiographic Studies of the Effect of Anaphylaxis on the 

Cardiac Mechanism. Arch. Int. Med. 48: 1098, 1931. 

Electrocardiographic changes in the guinea pig are analogous in avtifleial asphyxia 
and anaphylaxis. The changes consist of bradycardia, p.^rtial and complete block, in- 
version of the T-wave, with a shortened R-T interval and a high T-wave take-off and 
auricular and ventricular fibrillation. The changes in the T-wave are not unlike 
those noted in coronary occlusion and suggest the possibility that disturbances in the 
cardiac mechanism may be due to myocardial anoxemia. The foregoing conclusions 
are also true of tlie rabbit during asphyxia, during anaphylaxis and in a condition 
following clamping of the pulmonary artery. 

Microscopic sections of the hearts of guinea pigs and rabbits revealed nothing of 
note as a physical basis for the changes observed. The vagus nerve does not seem to 
play an important role in the production of the disturbances in mechanism. The 
unctional cardiac changes observed in the guinea pig and rabbit during anaphylaxis 

are not specifically due to the auaphylaetie state but rather to the state of aspliyxia 
that anaphylaxis induces. 
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also are included in tl.e report. The same findings on physical examination have 

blZ macir" ’ has 

The distortion in the aortic cusp was found to be due to nodular calcium de- 
posits. The manner of the deposition of this material is discussed. This lesion and 
the resulting syndrome may account for typical attacks of angina pectoris in which 
the coronary vessels have shoivii no change. 


In those patients there has been an absence of rheumatic history, and the other 
valves in the heart were found to be normal. 

The degree of enlargement of the left ventricle to be found in patients with aortic 
stenosis should lead one to investigate such veiy large hearts for evidence of cal- 
careous nodular deposits in the aortic cusps. Importance and value of careful atten- 
tion to heart outlines and in clinical cases to presumptive weights are discussed. 


Coombs, Carey F.: The Work of the University Centre of Cardiac Research. 

Bristol jMed-Chir. J. 48: 179, W31. 

The scope of the work together with some of the results obtained in the past four 
years at the Cardiac Centre arc described in this brief report. The following facts 
have been observed and are worthy of note. During the tliree years under review, 
Bristol’s population of about 400,000 included 750 children with rheumatic heart 
disease, while the surrounding countr}’ with about 1,100,000 inhabitants had 350 of 
these children, the incidence in the citj’ being six times as high as in the country. 
Observations have shomi that the infective agent enters the cardiac tissue by way of 
the coronary blood supply, as shown by the damage occurring in a majority of cases 
in the arteries and at the root of the aorta. One paper on abdominal manifestations 
supports the view that the peritoneum is occasionally attacked bj’ a rheumatic 
infection. 

It is believed that ulcerative endocarditis is for the most part a terminal infec- 
tion. It is believed that in cardioaortic syphilis, apart from gummata which arc 
rarely seen in the lieart, the present lesion is an aortitis which injures the heart not 
only directly' by depriving it of the health it is entitled to expect from the aortic 
elasticity but also by infiltrating the bases of the aortic cusps which are thereby 
rendered incompetent and by narrowing the mouths of the coronary' arteries and thus 
starving the myocardium. The virus whether spirochete or toxin or both is brought 
to the aortic wall by' the ly'mphatics which surround it. 


Leary, Timothy: Early Lesions of Rheumatic Endocarditis. Arch. Path. 13: 1, 

1932. 

As county' medical examiner, the author was able to study' the early phases of 
rheumatic endocarditis in persons wlio came to violent deaths while in apparent full 
health, or who died suddenly rvithout hospitalization and on whose cardiac valves 
were found the early lesions of rheumatic endocarditis. Tlie principal material was 
obtained from three patients; the earliest phase from an apparently healthy boy of 
six years, whose death was due to violence, witli an endocardial lesion of the mitral 
valve before verruca formation; an intermediate phase from a girl of eighteen years, 
who had mitral stenosis for eight years before her death, with the endocardial lesion 
on the tricuspid valve, associated with verruca formation in various stages; a late 
phase from a man, aged fifty-one years, who had an old but not advanced mitral 
process, wth the lesion on the mitral valve and showing pseudoverrucae due to throm- 
bus formation. 

There was found an unusual tissue reaction, in the form of a cell palisade along 
the contact edges of the cardiac valves, which appears to be a specific response of 
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... 1 . • nhsence of an acute iiiflamniatorj- reaction in the 

;tsX “ vaLriS the apparent efficiency of the clefense 

ing tissue in the presence of infecting organisms on the surface are stnki g. 

It is believed that the formation of the cell palisade and the production of ^ei 
rucae result from injury to the surface of the valve and not from ^ 

within the valve. The evolution of the verrucae from local regions of damage of the 

defensive palisade is described. 


ShooMioS, Charles. Utvak, Ahtaham M., and Mat, .soft, Irving: Paroxysmal Tacly- 
cardia in Children. Am. J. Dis. Child. 43: D3, 1932. 

Four cases of paroxysmal tachycardia in children are reported. Three of the cases 
showed paroxysmal auricular flutter and one paroxj’sinal tachycardia. The latter 
case showed evidence of severe rheumatic myocarditis and endocarditis, of winch the 
occurrence of tlie paroxj-siiial tachycardia was one of the early symptoms rf not the 
first symptom. 

The authors are inclined to believe that the occnn-ence of these disturbances of 
mechanism are due to disease of the inyoeardium and tlmt they have considerable 
miportaiice in the prognosis of these cases. ^11116 such children may live for many 
years, it would seem that the association ivith myocarditis would shorten their ex- 
pected duration of life. The differential diagnosis between paroxysmal auricular 
flutter and other tjiies of paroxysmal tachycardia is discussed. 


Morse, John Lovett; The Prognosis of Acute Endocarditis in Childhood. An 

Analysis of One Hirndted. Cases. Am. J. Dis. Child. 42: 735, 1931. 

Of 100 children seen duvmg the first attack of acute endocarditis from ten to 
thirty years before this article was uTitten, 36 are dead, 3 arc cardiac invalids, 
61 are alive and well. Thirty-seven of those who are alive and well have normal 
hearts, 18 have slightly damaged hearts, and tJie hearts of 6 were not examined. 
The age at the time of the onset of the disease and the intervals elapsing between 
the onset and the time when tlie patients were first seen liad no apparent influence 
on the prognosis. In the eases in which rhenmatism seemed to be the cause, the re- 
sults were not so good as in those in which the apparent cause was an infection of 
the upper respiratory tract. Myocarditis and pericarditis were unfavorable signs. 
Feeuri ences of the rheumatic inf ectlons were jiot as common as is usually believed, 
and repeated attacks did not always prevent recovery. Only one of the patients who 
are alive and well has a diastolic mitral murmur. 


Tallerman, K. H.: Abdominal Manifestations in Rheumatism. Brit M J 2- 844 
1931. ■ • • • ** ' 

In new of the frequency -ndth which rheumatism occurs in children of the hospital 
class and the number of times one is confronted with a child suffering from ab- 
domnml p.aiii without otlier signs or symptoms, it is worth while considering how 
often clnldren with these abdominal symptoms may be actually suffering from 
rheumatism of which this pain is at the time the only manifestatimi 

Two cases arc repoided which give findings suggestive of this situation. It is felt 
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nnd duration of the P-wave were greater than normal in all leads, owing to the pre- 
dominance of cases of mitral stenosis nnd insufficiency. Noteliing of the P-deflection 
was frequently associated with the cases of mitral stenosis and those slioiring de- 
creased functional activity. Notching rvas also associated ^vith tall and long P-waves. 
The aun'euloventricular conduction time was increased in 30 per cent of the cases. 
No other disturbances in intraventricular conduction were noted. 

Spontaneous variations in the T-wave which were found to occur when daily ree- 
01 ds were taken must bo considered when digitalis studies are made in children. 

Bight a.\-is deviation was found in 60 per cent of the patients with mitral stenosis. 

It is felt that routine electrocardiograms had only a confirmatory diagnostic value. 
An abnormal electrocardiogram had a definite prognostic importance since the larg- 
est and longest P-waves and those records that showed notching of the peak in all 
leads occurred -with the greatest frequency in the groups of children suffering with 
advanced heart failure. 

Seham, Max, Shapiro, M. J., and Hilbert, Ewnice H,: The Early Diagnosis of 

Eheumatic Heart Disease in Children. Am. .1. Dis. Child. 42: a03, 1931. 

In S09 patients admitted to the Ljananlmrst Cardiac Clinic during a period of 
seven years, 40 per cent of the cases were diagnosed as organic heart disease and 54 
per cent as no heart disease. Of .379 cases of organic heart disease, IS per cent were 
congenital lesions of tlie lieart, 74 per cent were rheumatic in origin, only 3.6 
per cent were due to other causes, and 4.4 per cent were undiagnosed. According to 
the statistics in this study, the most reliable means of diagnosis is the history. A 
questionnaire used in the study gives more positive data than informal questioning. 
In 92 per cent of the cases of early mitral disease, it was possible to obtain a history 
of rheumatism according to the definition used. 

The problem of differential diagnosis revolves chiefly around the children who 
present the following conditions: (1) a systolic murmur with or without circulatory 
signs and symptoms, (2) rheumatism and a systolic murmur that has escaped carditis, 
(3) rheumatism and a systolic murmur that ultimately develops into chronic endo- 
carditis, and (4) congenital heart disease, especially patency. 

Various methods of examination and functional tests of heart effieiene 3 ' are dis- 
cussed. The authors have used esophagranis and liave developed a cardiothoraeie 
index. Thej* believe that soealled functional heart tests are of no value iu de- 
termining the mj'ocardial efficiencj' of the heart. 

Sbookboff, Charles, and Taran, Leo M.: Electrocardiographic Studies in Infectious 

Diseases. II. Scarlet Fever. Am. J. Dis. Child. 42: 554, 1931. 

Fifty hospital patients with scarlet fever admitted consecutively were studied. The 
observations showed that there is a comparative infrequency of electrocardiographic 
evidence of myocardial involvement, that there was no tendency for abnormalities 
when present to persist and that there was no prolongation of the P-E interval. 

Sutton, Lucy Porter: The Treatment of Chorea by the Induction of Fever. 

J. A. U. A. 97: 299, 1931. 

Twenty-four eases of chorea have been treated with intravenous injections of 
typhoid paratyphoid vaccine as a means of producing protein shock fever. ^ There 
has been prompt .cessation of the symptoms, and the course of the disease m these 
patients has seemed to be greatly shortened. In the cases reported, the average dura- 
tion after treatment was started was from eight to nine days. A comparison has been 
made of children treated by this form of therapy with those treated by phenyl ethyl 
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hydantoin. T)ie i«-otein shoclt fever appears 
tlierapy. The procedure for the treatment is 


to have definite advantages over drug 
outlined in this article. 


Waggoner, R. W.: Sydenham’s Chorea. Am. J. U. Sc. 182: 467, 1931. 

The author has made a study of chorea occurring in a series of 125 patients. The 
incidence n-as twice as high in females .as in males and was noted to occiir clue 3 
hetween the ages of five and fifteen years. In addition to the chnractenshc move- 
ments, it was noted that the disease was practically almost always associated nith 
mental symptoms during the acute stage. It is pointed out that these variations of 
normal personality reactions may have been accentuated rather markedly by ill- 
advised handling and treatment particularly in the home before the diapiosis was 
recognized. It was also observed that the disease most likely occurs in indhdduals 
in whom there is a predisposition which is the result or the cause of a poor integra- 
tion of the cerehrocerebellar motor mechainsm. Pathologically it is a type of 
encephalitis characterized by involvement of both the cortex and the basal ganglia 
but particularly of the corpus striatum and perhaps the corpus Luys. 

The most essential part of the treatment of chorea is absolute mental and physical 
rest, best obtained by the removal of the patient from his home and placing him in 


an institution where his environment can be properly controlled. The multiplicity 
of treatments suggested are evidence of their inadequacy. The removal of the foci 
of infection is important but should be delayed until the child has become aeenstomed 
to his new environment, until there has been a diminution in tlie movements ex- 
hibited and until the fever which the patient may have has disappeared. 


Weiss, Harry, and Ottenberg,. Reuben: Relation Between Bacteria and Tempera- 
ature in Subacute Bacterial Endocarditis. J. Infect. Dis. 50: 61, 1932. 

The results of a study of the relationship of the temperature to the bacteremia in 
four eases of subacute bacterial eiidoc.arditis indicate that a correlation between 
these two phenomena probably exists. The phenomena are apparently maintained 
by a constant, praetic.ally uniform feeding of bacteria into the blood stream from 
the endocardial vegetations .and again by the sudden liberation of a large number 
of organisms into the circulation producing tlie phemonenon of Inacterial showers. 

The constanej’’ of the level of tlie bacteremia is a rather remarkable feature 5 each 
ease apparentlj^ establishing for itself the b.alanee between bacterial invasion and 
immunologic re.sponse which is maintained throughout the course of the disease. 

The studies indicate that higlier bacterial counts in blood cultures would be ob- 
tained if the cultures were made during the periods of low temperature iust previous 
to the expected rise. 


Arch. Int. Med. 48: 


Gwyn, Norman. E.: Subacute Meningococcal Endocarditis 
1110, 1931. 

A case is reported that for eight montlis showed symptoms and physical signs 
which one IS accustomed to associate wdth infection of the heart valvel by Strep- 
tococcus mnefaas— subacute bacterial endocarditis. Blood cultures in the in t + ^ 

™ De„th : ri:, 

asion of tlie tami, aiifl ,piaal cord Ijy the meningocoed, 

a.t.ps.„o.„ the aecoveJ a, 

were apprently in accordance with those oB • -T- l^idney as described 

subacute streptococcal endocarditis. recorded at autopsy in eases of' 
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^ w f Samuel A.; Subacute Bacterial Endocarditis. 

With Special Reference to the Valvular Lesions and Previous History. Am J ' 
If. Sc. 183; 60, J932. , o' . u. 


A clinical study has been made of 111 cases of subacute bacterial endocarditis; 
30 of these veve examined at post-mortem. Only 7 per cent of these cases showed 
definite clinical evidence of mitral stenosis and 13 per cent of those examined at post- 
mortem had mitral stenosis. There mere 23 instances of mitral insufficiency and 66 of 
aortic and mitral insufficiency, 10 of which had signs of aortic stenosis as well. 
There were o irith congenital abnormalities of the heart, and the remainder con- 
sisted of small heterogenous groups. It is important to note that in spite of the 
great frequency of mitral stenosis as a type of chronic valvnlar disease, it was found 
to be associated comparatively rarely witli subacute bacterial endocarditis. 

The following general rules in regard to the interpretation of murmurs seem ap- 
parent from this .study; first, if no murmur wluatsoever is heard over the heart, one 
can practically dismiss the diagnosis of bacterial endocarditis; second, if only a 
systolic murmur is heard, the vegetations will be found limited to the mitral valve 
and ad.incciit endocardium (this excludes the rare cases of congenital heart disease) ; 
third, if there is in addition to a s.vstolic murmur a basal diastolic murmur, one may 
predict th.at tlierc arc vegetations on the aortic valve and that there may or may not 
be a similar lesion on the mitral valve. 

A previous history of some definite rheumatic infection was obtained in 51 in- 
stances. Forty-two had rhouinatie fever, 3 had chorea and 6 had botli. Prom an 
analysis of tlie degree and duration of rheumatic infection from which these patients 
sufficred, they were found as a group to have been comparatively free fi'om this type 
of infection for a considoval)lc period of time pvceedipg the development of subacute 
bacterial endocarditis. Twcnt 3 '-eight of the 42 patients who had had rheumatic 
fever had had only a single attach. In these there was an average interval of 17.5 
j'ears before subacute bacterial endocarditis developed. It seems that immunity to 
rheumatic infection revealed in these patients renders them more susceptible to sub- 
acute bacterial endocarditis. 

The study of the past liistorj’ of these patients from the point of view of ability 
to work and of circulatoiy efficiency showed that the cardiac condition could be re- 
garded as excellent in 76, good in 17, and fair in 10. There were no instances m 
which congestive heart failure was known to have occurred prior to the development 
of subacute bacterial endocarditis; though there was satisf actor j' evidence that in 
60 cases heart murmurs had been present for a period of years. It is believed that 
these patients, had they been examined shortlj' before the development of subacute 
bacterial endocarditis, would in most instances have shown a murmur. 

The following other findings of interest have been recorded in this study. The 
males outnumbered the females 3 to 2. The average age of the males (35.7) was 
nine j'ears greater than that of the females (26.9). The average heart rveight in 
the autopsied cases was 4S9 gm. Significant arrhythmias were rarely found. Only 
1 case showed auricular fibrillation and that was a terminal event. The average 
blood pressure in 92 patients on whom readings were obtained was IIS systolic and 
52 diastolic. There were only 4 patients with a systolic pressure over 150 (all of 
whom had aortic insufficiency) indicating that hypertension is extremely rare in this 
form of heart disease. There were eases with very peculiar tjrpes of onset in which 
the evaluation of a systolic murmur was a most important clue to the diagnosis. 

The patient who is most liable to develop subacute bacterial endocarditis is one 
who has had a mitral systolic or an aortic diastolic murmur for some years. If he 
gives a history of previous rheumatic infection, as happens in about half the eases, 
it is most likely to be a single attack with unusual freedom from recurrences. He 
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ta, been nMe to eorry ob oooobtiollj- wmal ootivHioo, has sbotv., at. t.o time nay im- 
portaat irregulntitics of the heart or evi.leaeo of coaBest.ve heart ta.lo.e aail la. 
either a low or a normal blood pressure. 


Lambert, Alexander: Cardiac Pain and Sudden Death. Am. J. U. Sc. 182: 709, 

1931. 

In this comprehensive analysis of the sub.iect, the author presoni.s the many causes 
of sudden death. It is pointed out that the most frequent cause is not cerebral 
hemorrhage, but some cardiac lesion. It is also observed that sudden death is not 
of common occurrence in heart disease when all forms of heart disease arc considered. 
A discussion of the cause of cardiac pain is presented together with a possible e.v 
planation. It is pointed out that stretching and overdistention of the first part of 
tiie aorta and of the coronary arteries are brought about by normal circulatory re- 
flexes which ill diseased tissues cause excessive stretching of the aorta before the 
depressor reflexes bring relief or by overfilling cause over distention of arterio- 
sclerotic walls of the coronary arteries. As long as tbc circulatory reflexes do not 
upset the equilibrium between the myocardium and its blood vc.sscls, tbere is no 
pain. When, however, the afferent functions of the nerves are adequately disturbed 
or the myocardium has degenerated so that it cannot under reflex stimulation con- 
tract normally, the normal increased rise of blood pressure and the circulatory re- 
flexes produce excessive dilatation of the diseased blood vessels, .and pain results 
when the heart endeavors to answer the demands for increased worh. 


Brooks, Harlow: Concerning Certain Phases of Angina Pectoris Based on a Study 
of 350 Cases. Am. J. M. Sc. 182: 784, 1931. 

Observations made on a series of 3.50 cases of angina pectoris conform to those 
usually recorded by other wa-iters. A discussion of the etiology and the pathological 
change in the heart and great vessels is included. Diagnosis and various forms of 
treatment of this condition are also presented. 


Robey, William H.: Cardiology, Old and New. New England J. Med. 205: 992, 

1931. 

This delightful review of the advances made in the study of diseases of the heart 
IS refreshing to one who chooses at times to pause and consider wliat advances have 
been made as the result of the intensive effort directed to the care and prevention 
of heart disease. The change in conception of various conditions, such ns rheumatic, 
fever, tonsils and syphilis, shows how much has been learned during the steady 
progress of the last few decades. While undoubtedly mucli remains vet to be ac- 
eompbshed, it is still .apparent from such a review that progress is' being made. 
Present conceptions of these various questions are carefully and clearly analyzed in 


Disease^ IV. The Effects of Digitalis on the Edema of Children With Rbei 

mttc re^r and Chronic Valcaar Heart Diae.se in the Pr«encr “ 
Rhythm. Am. J. Dis. Child. 42: 1349, 1931. ■t'resence of Sinv 

Sixty-seven children between the ases of fnn,. 
heart failure and rheumatic heart disease were ' congestii 

of a potency of 1 cat unit per cubic centimeter tft?'" dosages of digital 

...d ,or periods these n.in.r si^.s 
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A]] of t},cse children were in the afebrile stage of the disease when these ohserwi 
tions were made, and «>ej' nil had a regular sinus rhythm with a ventricular rate that 
.n 01 aged from a minimum of G 6 to a maximum of 110 beats per minute. In au- 
pioximately oiie-tlnrd of the eases, the experiments were repeated on several occa- 
sions at a time when the children had shown increasing signs of congestive heart 
.failure, such ns swelling of the face and the abdomen, hydrothorax, ascites and edema 
of the logs with enlargement of the liver, 

A loss of body Aveiglit ivithin one weeh follou-ing tlie use of the drug, with strik- 
ing improvement in the signs and symptoms, was observed in only one child among 
the sixty-seven. Even in this case it was not certain that the improvement resulted 
from the use of the drug. No therapeutic response to digitalis was noted in the 
other cases. 

It is probable that the type and pattern of congestive heart failure following 
rheumatic fever aud chronic rheumatic valvular heart disease are responsible for 
the refractoriness of these children to digitalis in effective doses. 


Wolferth, Charles C., and Wood, Francis Clark: The Electrocardiographic Diag- 
nosis of Coronary Occlusion by the Use of Chest Leads. Am. J. M. Sc. 183: 30, 
1932. 

jMany cases of coronary occlusion do not show characteristic changes in routine 
electrocardiograms. It seems that there are “silent areas” in the heart where in- 
farction may occur without producing a deviation of the S-T interval from the iso- 
electric line in any of the three conventional leads. The authors found that typical 
electrocardiographic evidence of cardiac infarction in experimental animals could 
ho recoi’ded by applying tlie electrodes to the anterior and posterior surfaces of the 
chest wall. After occlusion of arteries supplying liitliei'to silent areas, it was possible 
to determine striking deviations in the S-T interval. Tliese results make it apparent 
that the anteroposterior chest lead (Lead IV) is an important adjunct to the rovitine 
electrocardiogram in the diagnosis of certain eases of coronary occlusion. 

Two cases are reported to illustrate the use of this Lead IV. In the first, eight 
days after the original infarction, there was striking and unmistakable deviation 
of the S-T interval in Lead IV. In Case II, both Leads I and IV showed evidence 
of coronary occlusion. Lead IV showing a much more striking S-T interval deviation 
than that seen in Lead III. 


Schirltz, Mark P.: The Use of Amidopyrine in Rheumatic Fever. Arch. Int. Med. 

48: 1138, 1931. 

In the treatment of patients with rheumatic fever in the Hospital of the Eoeke- 
feller Institute, it has been found that amidopjwine is decided^ superior to other 
drugs heretofore employed 5 namely, sodium salicylate, acetylsalicylie acid, the ethyl 
ester of phenylcinchoiiinie acid, cinehophen and neocinehophen. Brief review of the 
literature concerning it is presented as a preliminary to tlie account of the ohserra- 
tions presented in this paper on rheumatic fever. 

Experience indicates that amidopyrine may be employed in daily doses of at 
least three grams without provoking symptoms of toxicity. Instances of itliosjn- 
erasy are less frequent than with any other drug of this type. In rheumatic fever 
it has been found eifective in patients not relieved by other drugs or unable to 
tolerate them in the therapeutic doses; and total daily doses of less than two grains 
have been found adequate in this disease. The feasibility of gbdng effective 
quantities without provoking untoward side actions, as well as the ivide margin e- 
tween therapeutic and toxic doses, renders this drug particularly valuable in tlie 
treatment of patients with rheumatic fever. 
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McBacliern, Donald, and 


A stiidy has been m 
years in 
fibrillation. 


^ Sidogical relatioushii^s to the various fornm of eavdiae disease are tabula oe 
TlJ infrequent occurrence of the arrhythmia in the (ir.st decade of bfe >s desert u. 


Baker, Benjamin M.: Anricnlar ribrillation. Its EU- 
ology: AgeT^Ide’nc'rand Production by Digitalis Therapy. Ant- -T- >1- 183. 

35 1932 

’ a,l» ot 11,0 reoor,ls ol r,7r, som ,l>., ii,|! H," ' 

,l,o clcot™cor,«OBr»».. Love e „0 f.n.e „v „.,etLe,- -L.-. 

are tabulated. 

ibed 

n..d Uvo eMittal m.t.eees ..e mw.W. K,..1,L„»S i» 1»L\ »1»'» "‘e r,.,ily of 
auricolnr libvilWio,, i« s.vpL«i'“ on,-.liev,..e..l,.r .llsee.o. 

I„ the preset series, 85 per ee»t r.t Ibe er.s.’s were »s»»e.,.te.l »,lh - 

henrt .liseL „«,i e»!y 3 per ee,il rvitl, -1.1.111110 ,.;,r,V,,.v»s™l.-,r ,1, set, so Sole rs 
made of the production of auricular fibrillation by ;i(liniaistration of digtl.ibs. 

Stroud, William D., LaPlace, Louis B., and Bcislngcr, John A.: The etiology. 
Prognosis and Treatment of Auricular ribrillation. Am. .T. Af. .Sc. 183: -IS. 1. ..2. 

The present series consists of fifiS cases of chronic fibrillatnrs, those having 
paroxysmal fibrillation or in whom normal sinus rhythm returned spontjineously h:iv- 
ing been eliminated. The cases have been followed over a jteriod of ill lo.ast one lo 
eighteen years after the onset of fibrillation. Diagnosis has been confirmed by elec.- 
troeardiograms in each case. 

Throughout the scries no common eliologic f.nelor.s have become app.'irent. The 
presence of auviculav fibyillation docs not necessarily imply a wor.we prognosis than 
iu the noufibvillating heart with an cqu.'il amount of cardiovaseultir d.'innige. 

The average age of onset of auricular librillutiou due to rheumatic e.'irdiov.a.scular 
damage was thirty-nine years. The prognosis is very jioor in such patients develop- 
ing fibrillation before the age of twenty-five. Of Go patients with mtuiifestations of 
rheumatic cardiovascular disease before' the age of twenty-five, Sli per eent Imd de- 
veloped auricular fibrillation before the age of forty iiiul SS per cent had died before 
the age of fifty-three years. The .average age of onset of auricular fibrillation iu 
the arteriosclerotic (nonrheumatie) group is about, fifty-nine years. Of the eiglity- 
eight eases, none had begun to fibrillatc before the .age of forty years, and 72 per 
cent developed auricular fibrillation after the .age of fifty-three years. Fibrillation 
associated with thyrotoxicosis will u.sually tcrniinato spontanoously following partial 
thyroidectomy and, if not, almost iiivarijibly will respond promptly to quinidin 
therapy after such an operation. .Syphilitic eardiov.ascular disease is comparativclv 
rarely associated wdth auricular fibrilljitioii. 

In the treatment of patients watli auricular fibrillation, digitalis usually ])rnve.s 
most satisfactory. It is only in the exceptional case that a restoration to iiormni 
sinus rhythm by quinidin sulphate is of more appiirent value to the patient than the 
establishment of a daily maintenance do.se of digitalis. Although there appears to 
be little danger of accident from the use of quinidin sulphate in properly selected 
cases of auricular fibrillation, yet tlie author,s feel this drug should be used in those 
few cases of younger indmduals with slight or no demonstrable cardiovascular ab- 
normality except the arrhythmia or in thyrotoxic patients following partial thyroidec- 
tomy without a spontaneous return to nornnil sinus rhytlim. 

Campbell, s. B Boyd, and Turkington, S. I.; Right Bundle-Branch Block An 

Analysis of the Clinical Records of Fifty-Six Cases With Typical Electrocirdio 
grams. Quart. J. Med. 24: 481, 1931, ■t'lectrocardio- 

The investigation of this series of fifty-six cases wnc , 
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gues ^W.lch nnglit prove useful for prognosis. Thirty patients we in the hospital 
and twenty-six had been seen in consultation practice. The incidence was rougl.lv 
1 pe. cent of the total patients seen in the same time. No characteristic etiological 
factoi Mas found in the group. Thirty-six of the cases were men. The average^age 
incidence was about sixty years. The symptoms and signs were those commonly 
found due to myocardial degeneration. In the hospital group, there was a case mor- 
tality of 73 per cent of the cases which could be traced. The second or noiihospital 
group showed a ease mortality of 42 per cent. 


Parkinson, John, and Cookson, Harold: The Size and Shape of the Heart in Goitre. 

Quart. J. Med. 24: 499, 1931. 

A consecutive series of 130 patients -with goiter causing symptoms M-as examined 
with the primary object of deciding the size and shape of the heart by radiography. 
In addition a series of post-mortem records of 43 goiter cases was investigated to 
determine the incidence and distribution of cardiac hypertrophy. 

Of the forty-three eases of goiter all but three had shown the classical symptoms 
of tli3'roid intoxication. There proved to be hypertrophy of the heart in more than 
one-half. The increase involved both ventricles as a rule, sometimes the left more 
than the right, occasionally the left alone. A predominant or isolated hj'pertrophy 
of the right side M-as never seen. In general it M-as the younger patients and those 
with the shorter duration of s.ymptonis who shoM-ed no hj'pertrophj’. It was also in 
the younger patients, say under thirty years, that the rhj'thm had been normal 
throughout or fibrillation had come onlj' as a terminal event. 

Established fibrillation occurred in older people M’ith an average age of twenty-one 
3 'ears in eight cases at death. The heart weight was greater on the average in those 
with established fibrillation than in those with normal rhythm. The greatest increase 
in heart M'oiglit was registered in those -with fibrillation and heart failure. When 
emaciation was extreme, the heart was onlj- slightly or not at all lij'pertrophied. In 
the three eases of goiter where the gland had not been suspected of producing symp- 
toms, there w’as cardiac hj-pertrophy in tw’o, and perhaps in the third. 

Clinical and x-ray observations were made on 130 patients ivith goiter and symp- 
toms from it. Without x-raj' examination it is difficult to determine the size of the 
heart, especiallj' when there is tachjmardia, and cither a teleradiogram or an ortliodia- 
gram or both w'ere taken of everj- patient. The criteria of enlargement applied to 
these records are discussed. Enlargement was found in about 45 per cent of cases, 
usuallj^ slight or quite moderate, but not rarelj' great. In most it involved both con- 
tours of the heart, but more particularlj' the left and sometimes the left onl}% Al- 
though several cases with striking displacement and some stenosis of the trachea 
were included, enlargement of the right side of the heart alone was never seen. Elec- 
trocardiograms, so far as they can be used as an indication of hypertrophy and its 
relative distribution, confirmed the radiographic and post-mortem findings. 

The incidence of auricular fibrillation, including both paroxysmal and established 
forms, was 27 per cent. Heart failure was present at some time in twelve, and all 
these had fibrillation, except one ivith a complicating hypertension. 

A few serial records showing progressive increase in the heart size were obtained, 
all from patients with permanent fibrillation. Comparison between records taken 
before and after thyi-oidectomy wms made in eleven cases and gave variable results: 
there might be no change, an increase, or a decrease in the transverse diameter of 
the heart. After operation several factors come into play which render it difficult to 
accept the changes as evidence of actual alteration in heart size. 

The form of the heart is often affected in a characteristic way in goiter. Undue 
prominence of the pulmonary arc was a striking feature of about one-third of the 
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IS 


lieart, chambers. Post -mortem mca 

often dilated. , ,, , 

The left auricle was not enlarged out of proiiorfion to that of ot lei e mm nis > 

the heart— a sharp di.stinetion from the hciirt of mitral stenosis. The sujienor vena 
cava was sometimes prominent; this would be o.xpccted with tlie venous congestion 
of heart failure, but such an explanation onlv applied to a small proportion. J he 
aortic uveh reached too high a level in the ehosl in about one-third. The form of 
the vascular pedicle was moditied oceasionallv by a retrosternal goitei. 

When symptoms arc mild or of short dnralion, the heart m goiter is normal in 
size and shape. When symptoms are severe and of long standing, it is in a fair pro- 
portion both enlarged and modified in shape. The greatest enlargement is seen with 
auricular fibrillation and failure. The special form eharaeteristie of tlie goiter heart 
based upon a coiiibiiialion of jiroiiiineiice of the pulmonary arc, of the kfl 
ventricle, and to a minor extent of the right auricle. As a result of these changes, 
the heart may be gciievally enlarged, the eontmir retaining inneb the same shape as 
ill the normal heart; whereas almost all other forms of cardiac disease I’.'tusing oii- 
iargcnicnt greatly modify the shape. In their fully developed form changes in the 
left arcs produce a di.stinctive jdeture with its straight left border and a right auricn- 
lar arc only slight!}’ enlarged. The heart so disposed, when seen from in front, has 
some resemblntice to a ham. This picture differs from that of mitral slenosi.s in the 
relatively slight promiiicueo of the right auricle and tlie fuller aortic Icmieklc as 
seen from the front and in the absence of left auricular oiilargeimmt as .seen in the 
first oblique position. It approximates more the cardiac outline of combined mitral 
stenosis and aortic incomjictcnco. 

Radiological examination is a help in judgiiig llie presence or severity of a cardiac 
lesion in a patient with goiter. 

The demonstration of cardiac onlargcmenl is imjiortanl from the standpoint of 
the surgical treatment of goiter. When present, it is an added reason for, rather 
than a contraindication to, surgical treatment. Tliongh the greater the enlarge- 
ment, the poorer is the prospect of a complete return to normal, yet the aid of surgerv 
rvill often be required to cheek the progress of the h>sion. 

In deciding the cause of obscure cardiac symptoms or enlargement, nr of auricular 
fibrillation with or without failure, the discovery of the characteristic radiographic 
picture may suggest a goitrous etiology. 


Harrison, T. E,., Calhoun, J. Alfred, and Turley, r. C.: Congestive Heart Failure, 
XI. The Effect of Digitalis on the Dyspnea and on the Ventilation of Ambula- 
tory Patients With Regular Cardiac Rhythm. Arch. Tnt. lilcd. 48: .120.‘i, .in.*!!. 


The effect of digitalis has been studied in forty-tlirec p.-iticnts with regular cardiac 
rhythm. Most of the patients had never had congestive fjiilure. None of them had 
more than slight edema at the time they were studied and tlic majority had none. 
The following results were obtained: Nineteen patients had paroxysmal iioetiirnai 
dyspnea. Sixteen of these persons were completely relieved and one was worse after 
le drug. Forty-three patients liad dyspnea brouglit on by exertion. Definite benefit 
was obtained in fifteen of these, apparent benefit in fourteen and no improvomont in 

capacity, wi, Illation per square meter on stanclarrliaerl onorciso, and vcntihlion indea 

gree. and .n all of tl.em ,„oas„rcme,.ts of ventilation also indicated improvomm,,. 
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One patient felt worse after 
that he was' worse. 


digitalis, and objective study of the 


ventilation showed 


As a result of this study, it 
with paroxysmal dyspnea and 
on by exertion. 


is concluded that digitalis is of great benefit in patients 
is of some value in many patients with dyspnea brought 


The iiuniber of patients with rheumatic heart disease was too small to justify 
generalization in regard to this observation, but patients with hypertensive, arterio- 
sclerotic and syphilitic heart disease were usually benefited. 

The observations concerning the ventilation index seemed to indicate that this 
method of study may be of some general use in evaluating therapeutic measures in 
patients with cardiac disease. It has been possible to determine whether a given 
drug was of value in combating cardiac edema because the urine volume could be 
measured and the patient could bo weighed. However, methods of expressing dyspnea 
quantitatively have not heretofore been available. 


Harrison, T. E., Ashman, E., and Larson, E. M.: Congestive Heart Failure. 
Xn. The Eelation Between the Thickness of the Cardiac Muscle Fiber and 
the Optimum Eate of the Heart. Arch. Int. Med. 49: 151, 1932. 

A study of ventricular fiber thichness, heart rate and the length of diastole has 
been made in a number of anim.als of diiTcrent species, in normal human subjects of 
various ages and in human adults with enlarged hearts. It has been found that in 
all normal subjects a thick ventricular fiber is associated wfith a slow heart rate and 
a thin heart fiber with a fast heart rate. It is believed that the slow heart rate in 
animals with thick cardiac fibers is advantageous because the recovery period of the 
heart is prolonged. This prolonged period, for example, affords opportunity for the 
oxygen to diffuse through the thicker fiber. 

It was found that subjects with enlarged hearts have heart rates much faster 
than would seem to be optimal for such thick fibei's. Tliese observations suggest 
that “cardiac fatigue” maj’ be due in part to a heart rate which is faster than 
optimal. It is believed that this conception may explain why congestive heart failure 
may occur in the absence of nnj demonstrable mj-ocardial abnormality other than 
hypertrophy and dilatation. 'It is suggested that a heart rate much slower than nor- 
mal would be of great benefit to patients with hypertrophied hearts. 

Maepherson, Walter E., Essex, Hiram E., and Mann, Frank C.: The Eate of 
Disappearance of Glycogen During Contraction of the Perfused Heart of the 
Eahhit. Am. J. Physiol. 99; 429, 1932. 

Babbits’ hearts were analyzed for glycogen content. The hearts were cut into 
sections, and the glycogen was ascertained for various levels. A series was ana- 
h'zed for control purposes, another series rvas perfused with Einger-Locke solution, 
containing glucose, and a third series was perfused with the same type of solution 
but free of glucose. The methods of perfusing and sectioning the hearts and the 
results obtained are given. 

It was found that the glycogen content of the rabbits’ hearts varied at dit- 
ferent levels; it is highest in the auricles, next highest at the apex, and gradually 
diminishes toward the base of the ventricles. More glycogen disappears m the 
first hour of perfusion than at any succeeding time. It was also noted that the 
ventricles of perfused rabbits’ hearts continue to contract after large amounts of 
ventricular muscle are removed for study. The activity of such hearts apparently 
is not definitely shortened. 
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Patek, Arthur, and Weiss, Soma: The Tomis of the Autonomic Nervous System 
in Arterial Hypertension. New EiiKhiml J. ?>le(l, 205: :r,10, 10.51. 


The psychic state iiml tiio toinis of the nulononnc nervous system of forty-two 
patients with essential hypertension were comi»arcil with that of thiTty-sovcn 
control patients with a normal eardiovascnlar .sy.stem. IMiile no one .syiiij)toin or 
sign used for the evaluation of the autonoimc nervous system was al).solu1e or 
pathognomonic, the following symptoms .and signs, in eomhination, distinctively, 
were more frequently present in patients with essential hyiierteiision than in control 
sub.iects: (1) overexeitahility, inipulsiveni>.ss, a tendency to worry; (2) a negative 
hippus; (.1) absence of sinus urrliythmia; (-1) negative or reverse oculocardiac 
reflex; (.I) a persistent brittle tbivd tone tbrougbout six spbygmoinaiiometer eufiings; 
(C) “white” deriiiograiihic reaction both to light, ami 1o heave pressure: (7) tend- 
ency to telangiectasis. 

As judged from tests performed, the minute vessels of the skin in arterial hyper- 
tension arc hyperivritable and liave a tendency to react with pressor rather than 
with depressor responses. 

A striking din’crenco in the tonus of the nuloanniic nervous system in arterial 
hypertension as compared with that of controls does not exist. On the whole, 
however, the influence of the parasympathetic, nervous system is less ami of the. 
.sympathetic nervous system more pronounced in patients with nrterial hyper- 
tension than in control subjects witli a normal cariHovasciilar system. 


de VeccM, Bindo: The Endocarditic Process in Childhood. Arch. Path. 12: -10, 

1931. 


The author has analyzed the incidence of valvular endocardilis in children, using 
the postmortem material of the Imstitulc of Pathological Anatomy of FJorcnco, 
Italy, amounting to 4,9/52 autopsies in all. One hundred and soveniy-nino en.scs 
of endocarditis are noted, ninety-three of whicli wore acute and cighty-three sulmculc 
or recurrent. Tables accompanying the text indicate that tbe incidence of tliis 
process is infrequent in the first decade of life, there is a sliglit increase in the 
second and a materia] incrca.se in the third decade in this scric.s, amounting to 
about forty-three cases. From this point there is a gradual decline to old ago. 

The author describes the liistologie changes occurring in the heart valves. He 
states that the diagnosis of endocarditis is not always possible with a histological 
examination and ought to bo extended to all ea.ses in which any active participation 
of valvular tissues can be demonstrated microscopically. This is jiarticularlv true 
in the early period of life. The valvular cliaiigc.s arc regarded ns the characteristic 
feature of the process while tlie tliroinbotic lesions arc considered as mcrclv 
secondary changes often absent tbrougbout the course of the disease. The liistologie 
changes are described in detail. 

It is interesting to note the very infrequent occurrence of this condition in 
Florence. This infrequency would not coincide with observations in more northern 
countries, espcei.ally in the United States and England. It would be interesting to 
compare these autopsies with the incidence of heart disease in young children during 
the first decade of life attending clinics in the same community. 

Elhs, Laurence B., and Weiss, Soma: Studies in Complete Heart-Block. 1. Tlic 

Cardiac Output and the Peripheral CirciUatory Mechanism. Am J Sr 


Two studies were made with five patients with complete heart-block* 2 
Slowed no, two moderate and one pronounced functional disability. 


of whom 
Tlio two 
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patients witF. no functional incapacity and no arteriosclerosis l.ad normal arterial 
b oo.! p„ss„„ .,.c M » >ys„nc b„„rte..sio„. TI IbsT." 

canhao'fbiluri!, tlio vonona pressnra ima aomal. Four patients had basal 
metabolic rates an the leaver part of the aiornial range, the fifth had a metabolism 
- pel cent beloav normal. In the four— patients avitli no circulatory failure at 
rest normal values for the cardiac output per minute mere found. The cardiac 
output per beat in these patients mere inermased 40 to 50 per cent about normal. 
In the fifth patient mith circulatory failure in bed, indirect eaddence of a decreased 
blood floav avas obtained. The circulating blood volume mas reduced in each of four 
patients; it avas not measured in the fifth. The circulation time avas estimated 
by the histamine reaction method. The cardiac output avas estimated according to 
the technic of Field, Boch, Gildea and Latlirop. 

The increased stroke volume of the heart, the systolic hj'pertension, the reduced 
blood a'olumo and possibly the somcavhat Joavered basal metabolic rate may be 
considered compensatory responses tending to maintain a constant and adequate 
blood supply to the tissues during the prolonged diastolic pause consequent upon 
the sloav heart rate. The degree of eleamtion of the lactic acid and the changes 
of blood gases folloaving exercise were nonnal in one patient avho had good func- 
tional capacit}’. 

The authors beliea'c that complete heart-block is not incompatible mith a normal 
life and that the prognosis as to health and life is much more dependent on the 
presence or absence of accompanying nn'ocardinl disease than on the block itself. 


Cole, Leslie: Heart-Block Following Acute Appendicitis. Lancet, 1: 907, 1931. 

Pour days folloaving an operation for an attack of acute appendicitis the 
patient dea'eloped irregular pulse mhich later became sloav and mbich mas diagnosed 
from frequent electrocardiograms as heart-block. No other cause for the disturb- 
ance of mechanism could be found. Tlie patient recovered and on the taventy-sixth 
day the electrocardiogram mas quite normal. The most likely explanation is that 
a mild bacteremia mas associated mith a subsiding local inflammation in the ap- 
pendix region and caused a small focal inflammatory lesion in the region of the 
Bundle of His mhich interfered temporarily mith conduction. Possibly, the pain in 
the right shoulder and the inflammation in the right conjunctiva may have been due 
to similar focal lesions. 


White, Paul D.: The Treatment of Heart Disease Other Thau By Drugs. Jour. 

Am. Med. Assn., Ixxxix, 436. 

In the treatment of heart disease the most important relief frequently comes 
from agents other than drugs. Best and recreation, physical and mental; e.xercise, 
climate, psychotherapy, physical therapy, regulation of the diet, and of the flnid 
ingested, surgical intervention and venesection all have a place of variable im- 
portance in the therapy of acute and chronic heart disease. 

The author points out mith particular care the relationship that must be mam 
tained between physician and patient. He points out that often times the 
physician must in his judgment vary his methods to suit the particular circum- 
stances avhich exist in the individual patient. Ofttimes hard and fast rules 
cannot be laid down. 
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Parkinson, John, and Beford, D. Evan: Cardiac Infarction and Coronary 
Thrombosis. Lancet, 1928, i, 4. 

The present paper is based on the clinical study of 100 patients who had 
experienced one or more prolonged severe attacks of anginal pain and in whom 
no diagnosis other than myocardial infarction seemed possible. Doubtful cases 
and those of post-mortem interest only have been excluded. A supplementary 
study has been made from the records of the Pathological Institute of the 
London Hospital from 1922 to 1926 for comparison. Altogether 83 such cases are 
included. The various data concerning cardiac infarction and thrombosis arc 
analyzed in detail. The high incidence of males affected, the suddenness of the 
onset and the association with sudden death coincide with the figures gained 
from other similar studies. The authors describe the various usual and special 
clinical features. They believe that as a rule the electrocardiogram after cardiac 
infarction is characteristic and occasionally it provides the only objective sign 
of such a cardiac lesion. The diagnostic feature is the absence of an isoelectric 
period between the ES- and T-waves, so that a plateau type of curve results in 
which the E-T interval is cither elevated or depressed. 

Berman, P., and Mason, V. R.: Coronary Artery Disease and Electrocardio- 
graphic Study. Calif, and Western Med., 1928, xxviii, 334. 

The authors consider the changes in the electrocardiogram described by Pardee 
as being specific in the diagnosis of coronary thrombosis. They describe this as 
a downward sharply peaked T-wavc with an upward convexity of the S-T or 
E-T interval in all or any leads except Lead m. When this type of curve 
occurs in Load III with other signs of myocardial damage, it may be of im- 
portance. The authors have studied electrocardiograms showing these changes 
in relation to the clinical course shown by patients in four groups. 

Group one includes patients in whom a diagnosis of coronary occlusion made by 
clinical and electrocardiographic methods was confirmed by post-mortem findings. 
In an equal period of time there were in the hospital 13 patients who had no 
electrocardiograms made, but showed occlusion of the coronary artery at autopsy. 
No clinical diagnosis of the condition had been made in this group. 

In a second group, including 18 patients, there were symptons of coronary 
thrombosis with characteristic electrocardiograms, but in whom there were no 
autopsies. The electrocardiograms showed other signs of myocardial injury and 
the patients had clinical signs to coincide with these findings. 

Group three includes 9 patients all with syphilitic heart disease. These all 
showed characteristic coronary T-wave changes. 

Group four included 19 patients with characteristic coronary T-wave changes 
in the electrocardiogram but in whom no clinical diagnosis of occlusion could 
be made. None of these patients had come to autopsy. 

The authors feel that the occurrence of such changes in the electrocardiogram 
are of value in the diagnosis of coronary thrombosis. 


Sprague. Howard B., and White, Paul D.: Auricular Plutter. Jour Am Med 
Assn., 1928, xe, 1772. ' 


auricular flutter was diagnosed from the histor 
and by electrocardiogram. The condition had existed apparently for five year 
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and was unchecked by digitalis or quinidine in full dosage. No cause for the 
disturbance in mechanism could be found nor was there any evidence of heart 
disease. The flutter finally stopped abruptly for no known reason. Not infre- 
quently during the course of the flutter, the ventricular rate followed the auric- 
ular, without block, at from 240 to 260 beats a minute. At such times palpita- 
tion and weakness were distressing. 


Book Reviews 


VERHANDLTJNGEN DER DEUTSCHEN GeSELLSCHAFT FUR KREISEAUFFORSCHUNG^ Edited 

by Doctor Bruno Kiscb. Dresden und Leipzig, 1931, Theodore Steinl^opff. 

These transactions, winch record the work of tiie fourth annual meeting of the 
German Association for the Study of the Circulation, make up a substantial imlurac 
of about 250 pages, which contains some thirty papers and critical reviews dealing 
ivith various aspects of cardiovascular disease. About one-half of these are con- 
cerned with the chief topic of the meeting— digitalis. Almost every phase of the 
pharmacology and therapeutics of the digitalis bodies is considered, and one is 
impressed with the scientific character and high quality of most of the articles. The 
list of contributors includes a good many ivell-known names and testifies to the 

standing of the Association and the quality of its output. 

° -r A r* 


The C.ardiac Cycle by Harrington Saiiisbury. New York, 1931, 79 pp., 'William 
Wood and Company. 

The purpose of this little book, as set forth in the introductory chapter, is to 
detail the events of the cardiac cycle and to relate them to blood movement and the 
pulse. The author conveys the impression at the outset, by introducing Newton's 
laws of motion and emphasizing the application of these principles to cardio- 
dynamics, that he proposes to make the book essentially phj'sical in its point of 
view. 

A discussion of auricular and ventricular systole presents to the reader the 
notions (1) that the auricle projects its contents into the ventricle and thereby 
gives rise to a stretching of, and an impact wave in, the ventricle, and (2) that 
ventricular systole arises in the thin portions of the apex — a fortunate j)rovision 
of nature to obviate possible disaster through yielding of these weak spots in a 
forceful contraction. To the isometric phase of the ventricle is assigned the all 
important role of producing the arterial pulse by a kind of impact wave trans- 
mitted through the semilunar cusps and over the entire blood column of the 
arterial tree. This view of the etiology of the pulse can hardly fail to impress 
most students of cardiac physiology as quite unorthodox but it serves 'effectively 
in introducing a discussion of blood pressure in which a more startling view is set 
forth, namely, that diastolic pressure as usually determined is a misnomer. At 
this juncture an old and somewhat overlooked part in cardiac anatomy is brought 
into a major role. The bulbus aortae, we are told, forms a kind of elastic com- 
pensating chamber that e.xerts a continuous (systolic) pressure for the blood 
movement. 

The final chapter of the book relates mainly to the mechanism of lymph flow. 
A discussion is given of the physicochemical and other factors, but the emphasis 

IS given to the part played by the pulse as a propulsive force that drives the 
lymph. 

The format of the book is good, the style is generally clear and agreeable, and 
le mistakes are few, but the substance of the arguments fails to carry convie- 
mn. . odern methods of recording, with sensitive instruments, simultaneously 
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tlic changes in * intraventricular pressure and the pulsations in a central and 
peripheral artery present stronger evidence concerning the etiology of the pulse 
than is obtained from arguments about the physical attributes of the events in a 
cardiac cycle. Similarly, experimental results on the intraarterial pressure and 
blood velocity leave no room for doubt as to the fact of a diastolic pressure in the 
sense that the term is usually applied. 
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PHLEGMASIA ALBA DOLBNS AND THE RELATION OP THE 
LYMPHATICS TO THROMBOPHLEBITIS'’' 


JOMK riOMAKS, M.T). 
Boston, Mass. 


T hrombophlebitis may be defined as an association of throm- 
bosis ivitii an infiainniatory elian^’e in a vein’s vail. As to vbieli is 
iisuall}’’ the primary process, that is, ivlietlier the tlu'ombo.sis or the in- 
flammation is at the bottom of the trouble, has never been settled. Al- 
though some states of the blood undoubtedly predispose to thrombosis — 
a matter as to which Bancroft' has recently made a very full report — 
some local factor in or about the vessel ’.s wall would seem to he the im- 
mediate exciting cause. Every one has nece,ssari]y been rather vague 
in speaking of this factor, which is more often, perhaps, infectious than 
traumatic or degenerative. '\Yhat used to he called marantic thrombi, 
for instance, thrombi which form in the veins of patients depressed by 
systemic disease, have been sliown so many times to be associated with 
the presence of bacteria in the ve.sseJ’s wall as to bring the element of i)i- 
fection very mueli to tlie fore. And, of course, tlie familiar milk-leg is 
even more often suspected of being secondary to uterine sepsis. But it 
m far from true that all sorts of thrombophlebitis have a bacterial origin. 
Indeed, among the several forms of the disease presently to be described 
are more than one with which infection appears to have little to do. 

In all, there may perhaps be five jirincipal varieties of 

thrombophlebitis ; 

(1) Thrombophlebitis in varicose veins; 

(2) Phlebitis migrans ; 

(3) Thrombosis due to injury; 

(4) Thrombophlebitis in previously normal superficial veins; 

(5) Phlegmasia alba dolens, for which the sjnionyms are milk-leg and 
(iliac or femoral) thrombophlebitis. 

Of all these varieties the last is decidedly the most interesting as well 
le most serious and disabling. The others will therefore be discussed 
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THROMROPIILEBITIS IN VARICOSE VEINS 

Very commonly indeed, tlirombosis occurs in the varicose saphenous 
vein or some of its branches. The process is liable to begin in a very 
superficial tortuous vessel of the calf or lower thigh and to advance up- 
ward. Exceptionally, thrombosis does not reach the groin, but since it 
is always likely to progress until it meets a vigorous current, it will 
usually be found, if given time, to have involved the saphenous vein up 
to its entrance into the femoral, which, however, it never seems to enter. 
Prom a thrombosed varicose vein embolism is rare. 

Tlie cause of thrombosis in varix is undoubtedly the unhealthy state 
of the vessePs wall. As this becomes scarred and stretched, the endo- 
thelial lining may readily be cracked or even destroyed at some one spot, 
permitting blood to clot, and from this point thrombosis spreads. In a 
process of this sort infection is quite as likely to be secondaiy as primary 
except, jierhaps, in the presence of a septic ulcer. On the whole, the evi- 
dence is that it is usually mild and unimportant. Sometimes, of course, 
the skin becomes red and hot over the thrombosed vessel, and the clot 
softens, hi'ealdng down in the end and calling for drainage. Most often 
the skin becomes somewdiat adherent, showing a little pinkish color which 
soon fades to a pale broi\'u. A moderate induration surrounds the ves- 
sel, which can be felt as a solid, tortuous cord. 

In contrast with some other forms of thrombophlebitis, this sort never 
causes edema of the leg, and though it is anticipating the subsequent 
story to offer an explanation, it w’oukl seem that the superficial lym- 
phatics, ivhieh accompany the principal venous channels, are not dis- 
turbed by inflammatory processes ivithin varicose veins. It must be that 
in the course of the dilatation and sclerosis which the varicose vein 
undergoes, the lymphatics about it are gradually destroyed, their func- 
tion being taken over bj^ other channels. Otherwise considerable swell- 
ing of tbe lower leg would be inevitable. 

As every one knows, the course of phlebitis in varicose veins is pro- 
longed, tedious, subject to recurrence, and requires, or seems to require, 
rest in bed. Nor are the veins permanently obliterated for the future. 
Being readily canalized, they soon resume their former appearance and 
character. It is therefore advisable, on meeting this sort of phlebitis in 
its early, acute state, to put the patient to bed, to use heat to relieve dis- 
comfort and to quiet the local inflammation, and when in the course of 
perhaps a w^eek, the vein can be felt as a firm cord, to remove it by a 
formal operation. There is every reason not to use the traditional ice- 
bag. It devitalizes the tissues, interferes with nature’s process of repair, 
probably causes thrombosis to spread and gives less comfort than does 
heat. 

To obviate embolism, the operation should begin at the saphenous 
opening, and if the skin at any point is adherent to the thrombosed ves- 
sel, it should be excised with the vein, making a clean wound. Such op- 
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erations greatly sliorten tlie patient’s disability and cure the yaricosity 
besides. They can be performed, if necessaiy, under local anesthesia. 

There are, however, satisfactory and less radical means of treatmen . 
Fischer^ has recommended making local pressure at vdiat seems to ^ e 
the upper limit of the thrombosis by infolding the skin with apiesive 
plaster, just as is done for umbilical hernia in an infant, encloshig the 
leg below this level in adhesive strapping and letting the patient go 
about as usual. Jaeger® substitutes an "elastoplast” bandage for the en- 
closing adhesive plaster. He reports favorable results in more than 100 
eases, finding that embolism does not occur. Another variation upon this 
scheme has been suggested by O’Neil.” He injects a sclerosing chemical 
into the vein above the thrombosed part — all these methods seem to de- 
pend on identif: 3 dng this level, a matter not always easy ^in order to 
destroy locallj'' the varicose vessel and limit extension of the thrombosis; 
then he applies a “Klebro” bandage as under the German system. He 
too reports excellent immediate results. 


PHLEBITIS MIGRANS 


This curious disease is most often seen as a complication of throm- 
boangiitis obliterans. Upon any part of the limbs there may appear a 
tender, sore thickening in the course of a vein. There may even be a 
rough S 3 ’'mmetrj^ between two opposing extremities. The vein seems to 
he occluded, although in the one specimen I have excised no thrombus 
was found. For several da 5 ^s or even weeks the process remains station- 
ary or progresses a little, ivithout much regard to treatment. Then it is 
likely to jump to a neiv spot higher up and to disappear below. Those 
who have suffered from many attacks are inclined to pay no more atten- 
tion to the disease than they are obliged to. Short of massage, which 
has been knowm to excite embolism, such use of the part as the inevitable 
soreness allow'S, seems justifiable. No local treatment is of much help, 
though rest and warmth are grateful. Even in individuals whose 
Buerger’s disease seems to have become, in most respects, stationary, 
phlebitis migrans maj’- recur indefinitely. 


But not all thrombophlebitis of this sort is related to thromboangiitis 
obliterans. Equallj’- curious local migrating and recurring forms ap- 
pear, usually in males, coming on in early adult life and returning at ir- 
regular intervals thereafter. These persons have blood, or veins, of such 
a character that thrombosis readily occurs, particularly in the superficial 
vessels of the legs. As a rule, only a short length of vein is involved and 
there is little reaction about it. Tranma often excites the inflammatory 
process and theimpentie intravenous injections of almost any sort are 
lable to induce it. In the few patients of this kind w^hom I have seen 
pulmonary infarctions have been rather common. No effective treatment 
IS known, though vaccines made from bacteria of the patient’s tonsils or 
loot abscesses have been used with reported success. 
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THROMBOSIS DUE TO INJURY 

Odd sorts of rarely lead to thrombosis of even the deep veins 

Mj own experience has been entirely with thrombosis ivithin the nms^ 
cii ar aponeurosis of the lower leg : on two occasions, after fracture of a 
metatarsal bone, and on another, after ^ngoro^^s massage. A fatal 
embolism resulted in one instance and the postmortem examination 
showed that most of the numerous veins among the muscles were 
thrombosed. 

If the patient undertakes to go about in such a state, that part of the 
leg below the knee becomes somewhat cyanotic, full and slightly edema- 
tous. Discomfort is usually marked. On going to bed, these signs al- 
most completely disappear, leaving only the slightest cyanosis and some 
degree of deep tenderness. This appearance of quiescence is deceptive, 
however, for if the patient tries again to get about, the original signs 
reappear. Recovery maj- be slow; so slow, indeed, and so subject to 
recurrence that, after one patient had died of embolism, the femoral 
vein of another was ligated in Hunter’s canal. Recovery seemed to be 
hastened by this step, but its principal advantage is that it offers insur- 
ance against pulmonary infarction or embolism. 

These three sorts of thrombosis, or thrombophlebitis, much as they 
differ from each other, differ still more from the varieties now to be 
described, in which edema is a feature and involvement of the Ijonphatics 
appears to be a fundamental part of the disease. 

THROMBOPHLEBITIS IN HITHERTO NORMAL SUPERFICUL VEINS 

Thrombophlebitis in hitherto normal superficial veins is placed in a 
category by itself, partly because, though rare, it is a serious disease 
and partly because its description ivill aid in making clear the distinction 
between superficial phlebitis and phlegmasia alba dolens, a matter, as to 
which, in the past, there has been a great deal of confusion. 

The sezuous qualitj^ of an extensive superficial phlebitis in veins hith- 
erto quite noi’mal lies in the Ijnnph-stasis and ulceration which usually 
follow the acute attack. As will appear later, the veins and large lymph- 
trunks are closely associated, so that anjdhing affecting the one neces- 
sarily'' involves the othei’. And whethei' oi’ not thi’ombosis occuis in the 
superficial veins because of a lymphangitis about them or whether the 
lyonphaties are seeondai-ily involved in a violent inflammatory' reaction 
of the vein’s wall, the fact remains that local and genei’al lymph-stasis 
of the superficial tissues drained by the great saphenous vein is likely to 
follow an active thrombophlebitis in that vein. During the attack, t le 
skin over the course of the main vein and its principal branches is liable 
to be red, hot and indurated. After the attack has subsided, as t ie 
patient begins to get about, edema, induration and pigmentation in tiie 
particular areas drained by the lymphatics associated with the saphenous 
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system set in, and ulceration sooner or later follows. Ulcers and residua] 
induration should be treated after the methods which have been found 
so useful®’ ® in the management of postphlebitic induration and ulcera- 
tion in general and to which presently reference will be briefly made. 

The background of a superficial thrombophlebitis is, as a rule, a 
debilitating disease, injury or operation, whether or not associated with 
sepsis, but it is uncommon enough to have been A^ery little studied. Prob- 
ably the superficial and the deep disease have often been confused. 
Actually they should never be, for, in a superficial thrombophlebitis, the 
reaction about the superficial veins, that is, the great saphenous si^stem, 



Pig. 1 — Generalized thrombophlebitis of the superficial (nonvaricose) veins — the 
late result. Pigmentation and scar formation mark the course of the lymphatics 
accompanying the superficial veins. This is especially evident in the left leg. 

is peifectU evident, as tvell to the eye as to the touch. The A’^eins, in at 
least some part of their course, are palpable as hard, tender cords ; and 
some visible redness or pigmentation of the skin is always present. 
Wliat cause confusion are the tenderness and pain so often evident 
during a deep phlebitis over the femoral A'^essels in Hunter’s canal. Un- 
fortunately the femoral canal is directly beneath the usual course of the 
great saphenous vein, so that Avhen the physician palpates the inner face 
of the thigh, finding acute tenderness extending from the groin nearly 
doAvn to the knee, lie believes the process to be superficial, Avhereas un- 
ess the saphenous vein is actually palpable, it is invariably deep. 
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PHLEGMASIA ALBA DOLENS^'^ 


he nature of this ancient disease, ndth its sonorous title, has loiiff ex- 
cited the interest of tlie medical profession but seems latterly to have 
een given up as a bad job. Under the guise of milk-leg, its cause once 
seemed plain enough. Cruveilhier=> described it as an iliac thrombosis, 
an accidental extension from a beneficent postpartum clotting in the 
great uterine venous sinuses. And when Pasteur^® had laid uterine 
sepsis to the streptoeoceu.s, and WidaP- and others had discovered these 
bacteria in the walls of thrombosed uterine veins, the bacterial origin of 
a thrombophlebitis of the great pehuc veins could quite reasonably be 
explained. For it seemed plain that thrombophlebitis of the uterine 
veins must then have progressed into the common iliac, obstructing the 


venous return from tlie leg. But phlegmasia alba dolens is by no means 
confined to the puerperium, nor is it even confined to females. It is 
liable to occur in individuals of young adult life and middle age, who are 
for any rea.son long confined to bed, particularly by debilitating diseases, 
whether or not infectious, by operations and by injuries. And in these 
persons it differs in no way from its puerperal form. 

It has a rather characteristic course which varies in severity from 
ease to case. As a rule, although the clinical signs are often missed, the 
disease begins with an elevation of pulse and temperature which may 
last twenty-four or forty-eight hours. Then pain sets in, usually refer- 
red to the thigh, the groin, the knee, the calf, sometimes the perineum. 
This may creep on, associated with a dead, heavy feeling in the leg or it 
may be so severe as to resemble a sudden arterial ischemia, leaving the 
leg totally powerless. In twenty-four to forlj^'-eight hours more, swelling 
begins, and in another day or so, the ■whole picture of phlegmasia alba 
dolens is established. 

Swelling affects the entire leg, thigh, calf and foot. In its severest 
form, tension is so great that there is no pitting on pressure. The leg 
can hardly be moved, not only on account of the discomfort but because 
of its great size. With disease of a milder sort, tension is much less, and 
after a few days of mild pain, discomfort on attempted motion and 
moderate swelling, improvement sets in. By the end of two weeks, this 
mild disease, except for a little residual swelling on getting about, is 
over. But wdth the severer forms the outcome is quite different. For 
weeks, even months, the huge wdiite limb remains unchanged, subsiding 
only to leave behind so much edema that the leg, though useful enough, 

must be spared and nursed thereafter. 

What first attracted my attention to phlegmasia alba dolens were its 
late complications, that is, the states of local edema, induration and ulcer- 
ation which occur six months, a year, two years, even ten years later. 


*In the following- discussion, milder”disease^l'^have 

as if it occurred only in the leg. nL^rthofl^o^^tiidied except in the serious 

pJrmaSform whicfut ailumes’as a^seluel to operations for cancer of the breast. 
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Witli tliese, no Tenons stasis or obstruction is associated; ratber do they 
have the appearance of local lymph-stasis. Such a lesion is liable to ap- 
pL first as a porlo- area upon the inner face of the eal over rvtocl. t .e 
to repeatedly desquamates. This area enlarges and other patches maj 
form Soon pigmentation occurs and finally ulceration which may e 
verv extensive, painful and intractable. This progressive change ap- 
parently is due to local nonsuppurative infection superposed upon a 
chronic generalized lymph-stasis, which may have been very obvious or 



Fig. 2 


Fig. 3 


Fig. 2. — Postphlebitic eQewa after phlegmasia alba dolens in a typical situation — at 
an early stage. At the moment, the edema is receding, and desquamation of the skin 
IS going on. 

Pig. 3. — Postphlebitic edema and induration after pblegmasia alba dolens — a very 
advanced stage of ulceration. Such ulcers are best treated by a wide excision includ- 
ing the deep fascia, followed by a skin graft. 


hardly noticeable. It seems to correspond, in a local form, to elephan- 
tiasis, which, it is generally agreed, results from repeated attacks of 
cutaneous infection in a limb ali’eady engorged with lymph. Obstinate 
ulcerations call for wide excision down to the unchanged tissues just 
beneath the deep fascia and for skin grafting or plastic operations. 
Local states of superficial edema and induration without ulceration can 
he treated with success, provided tlie deep l3>-mphatics are open, by 
Kondoleon’s^'’ excision of deep fascial strips. Such treatment has been 
described in earlier publications. 
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. Tatas ^as the fii-st to recognize that lymph-stasis might foUow upon 
thrombopiilehitis, taking forms of actual elephantiasis hitherto uureeoo-- 
nizcd because there was notliing tropical in their origin. Then Halsted^ 
and his associate, Keiehert,’''- in studying the edemas of the arm following 
operations for cancer of the breast, ingeniously brought out the fact that 
occlusion of veins has little or nothing to do with edema of a limb and 
that occlusion of the lymphatics lias evendhing to do with it. For if a 
dog^s leg were entirely divided at tlie level of the upper thigh, leaving 
only the hone and the bare femoral artery and vein, and promptly re- 
united -with the meticnloiis care which Halsted held before the world as 
the ideal surgical tcehnie. an edema like that of milk-leg would set in. 


This edema would disappear within ten clays, owing to the connections 
which the lymph vessels were able promptly to establish across the scar, 
but the really astonishing finding was this; that if, at the moment when 
the swelling had nearly gone, the veins were diviclecl. the edema, after a 
slight delay, continued to subside as usual. In other words, swelling 
came on wliile the veins were patent and disappeared while they were 
occluded. 

'W'ith such evidence in hand, the nature of phlegmasia alba dolens 
takes on a new meaning. One need not deny that venous obstruction is 
present. It may be serious enough to cause an extensive and unsightly 
collateral circulation to appear upon the thigh, groin and abdominal 
wall. But usually, and as compared with the edema, it is insignificant. 
The u'/nTc swelling of a deep thrombophlebitis is, in fact clearly of a 
lymphatic nature. Obviously the great h-mpli vessels draining the leg 
are obstructed. Xow it is Icnown that no lymphatics empty into veins in 
the extremities or indeed elsewhere than where the thoracic duct enters 
the junction of the left jugular vein with the subclavian. Therefore 
clotting in a vein of a limb cannot directly obstruct any lymphatics. 
The question then arises ; Can venous obstruction of itself cause edema ? 
Halsted 's experiment suggests that it does not. Jloreover, one maj* re- 
peatedly make multiple ligations of an animal’s common iliac, external 
iliac and femoral veins without causing any edema whatever, and on the 
only occasion upon which I have ligated the common femoral vein, in a 
human being, the leg became for the time very dark, but neither then 
nor later, did any edema appear. 

It is true, on the other hand, that if a sufficiently severe inflammatory 
reaction is set up in the main vein of a limb, edema will certainly follow. 
This has been proved experimentally in animals (Leriche and Jung’- 
KeieherF'': Homans and Zollinger^), so that up to the point to which the 
story has been cai'ried, it might be held: (1) that the edema of phle„. 
mask alba dolens is due to involvement of tlie Ijunphatics in a violent m- 
flammatory reaction originating in the thrombosed vein; or (2) that m- 
flammation of the lymphatics is sufficient of itself to^ account oi le 
great white leg and that thrombosis within the vein is altogether sec- 
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ondary to the reaction outside it. Such statements imply that there is a 
close association of the blood vessels and lymphatics, a matter which 
should now be discussed. 

Embryologieally, the lymph vessels draining the limbs bud from veins, 
and the main lymph-trunks are intimately related to both veins and 
arteries. To put the matter briefly, there is a superficial cutaneous net- 
work and there are delicate longitudinal vessels in the deep skin, a com- 
bination which the various forms of superficial lymphangitis have made 
familiar to every one ; there is a deeper netwoi’k lying upon the muscular 
aponeurosis which is perhaps responsible for the postphlebitic induia- 
tions to which allusion has already been made; there are larger lymph 
vessels, which accompany the superficial veins, running ivith the lesser 
saphenous vein into the popliteal space and ivitli the great saphenous 
vein into the group of lymph nodes at the saphenous opening; and, 
finally, there are large, trunk-line lymphatics which pass up with the 
femoral vessels to the groin. Here all the lymphatics of the leg, both 
superficial and deep, must join, and having joined, they pass along the 
external and common iliac vessels through the iliac glands and on into 
the receptaculum chyli. Therefore, to bring about lymph-stasis of the 
entire leg, it is only necessary to block the larger lymphatics at some 
point between the saphenous opening and the aorta. Tliis, of course, 
makes the relation between the great lymphatics and blood vessels of the 
pelvic brim particularly interesting. 

To William Cruickshank- — William Hunter’s pupil — wo owe most of 
our knowledge of these relations. He followed the absorbents, as he 
called them, by injections of air and of mercury, and gives the following 
succinct description; “The large absorbents of the loB'er extremity are 
formed into two sets, superficial and deep-seated; the superficial set ac- 
company chiefly the cutaneous veins, and the deep-seated accompany the 
arteries.” As for the deep lymphatics, he says: “Prom the glands in 
the ham, two grand trunks .... run on either side of the femoral 
artery. These frequently communicate with one another by cross canals 
and their branches sometimes form circles which completely surround 
the artery.” At the groin, the vessels he describes enter lymph nodes, 
emerging as two, four or even six trunks.. From these there develops 
what he calls the ‘ ‘ plexus iliacus externus. ’ ’ 

Now if every one were not obsessed by the thought that phlegmasia 
alba dolens is a disease of the veins, the question might be raised whether 
it is not primarily a disease of the lymphatics. Suppose for a moment 
that there were such a thing as a deep lymphangitis — and no one seems 
to know whether there is or not— a violent inflannnatory reaction would 
then take place actually within the arteriovenous sheath, affecting both 
die great \min and the artery of the limb. The vein, because of the active 
n ammation about it, would almost certainly become thrombosed, and 
re artery , if not thrombosed, might be thrown into a state of spasm. 
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Hospital. Many years before she had suffered, in the course of a pelvic 
peritonitis, from phlegmasia alba dolens. The leg, however, had never 
been «-reatly swollen. The really striking change was toward ischemia. 
No actual pulsations could be felt at or below the left groin, and there 
was present, just above the ankle, an area of gangrene. In the course o 
a lumbar sympathetic neurectomy, which ivas of great benefit to her, it 
was possible to examine exactly the brim of the pelvis, wliere no sign of a 
vein conld be made out and no suggestion of an arterial pulsation. 
Apparently both vein and artery had been destroyed by the earlier 
inflammatory process. 

Obviously the most advantageous ivay to carry the matter fuithei, 
was to examine, on the ojierating table, the state of the great arter;> and 
vein at the pelvic brim in a well-marked instance of phlegmasia alba 
dolens. Such an operation would be justified if it should prove that 
opening the arteriovenous sheath actually released local tension — a sort 
of decompression — and restored, in some degree, the flow of lymph. 

By good fortune a young negro presented himself for treatment suf- 
fering from as high a grade of phlegmasia alba dolens as is often en- 
countered. The disease complicated pneumonia, coming on with fever 
and with severe pain in the left leg, and leaving him, at the end of eight 
days, with a leg so tense that it neither pitted on pressure nor changed 
in any degi-ee from day to day. The temperature remained steadily 
elevated between 100° and 101° F, 

At the operation, the abdomen was opened a little to the left of the 
midline, exposing the left pelvic brim. As far as the left iliac vessels 
were concerned, all landmarks were obliterated. It wms barely possible to 
feel the arterial pulsation, and whether or not a solid clot filled the vein 
was at first impossible to say. Tlowmver, wdiat seemed to be the sheath 
was finally split, revealing porky, Ijnnph-soaked, vascular tissue so 
adherent to the great vessels that the vein wms only discovered by ac- 
cidentally cutting into it and the artery identified by its pulsation. The 
deeper coats of the vein seemed relatively normal, and a daih clean clot 
filled it solidly. In view of the vivid quality of the reaction about both 
artery and vein and the reactionless appearance of tlie clot, it seemed 
that the infection, if infection there were, must have begun outside the 
vein rather than within it; certainly the clot was the least striking part 
of the process. Opening the arteriovenous sheath proved quite difficult, 
owing to the very vascular exudate within and about it. The common 
iliac artery and vein could not have been exposed without unduly pro- 
longing the operation, and so the sheath of only the external iliac 
vessels was split down to a point a little below the inguinal ligament, 
he operation was completed by loosely closing the peritoneum 
fhe result was dramatic. On the day following, the patient felt the 
tension lessen decidedly, and within three days the swelling had gone 
own remarkably. At a second stage, the femoral sheath wms opened in 
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Scarpa s triangle and Hunter’s canal: It is doubtful whether this nart 
of the operation was necessary. Certainly it would have been better 
to have substituted decompression of the common iliac sheath. But at 
least, e.xploration of the thigh showed that the most active seat of the 
disease was above the inguinal ligament and that it died out in intensity 
as it descended toward the Imee. As a first attempt, this operation can 
perhaps be considered a success. Some two weeks after the first stage, 
tlie swelling, which bade fair to last for many weeks or months, had dis- 
appeared, yet in some degree it has since returned, that is, since the 
patient has gone about again, perhaps because of the incompleteness of 
the iliac decompression. 

One other patient, suffering from a more chronic though less severe 
disease, has been treated in a similar way, and from this second experi- 
ence it must be concluded that if the operation is to be of any value, it 
must be done early; for on this occasion the whole sheath has been con- 
verted into a ncarl3' solid sear. The artery ivas shrunken, in a state of 
spasm, the vein the less involved of the two vessels. It almost seemed as 
if the dissection left more damage behind than it relieved. Whether a 
safe and useful procedure can be devised for opening the sheath from the 
highest point involved domi to the saphenous opening— obviously the 
most important area — is not yet clear. But at least operation can be 
said to have revealed the quality of the local process, that is, a nonsup- 
purative inflammation marked btj a vascular exudate within the iliac and, 
to a lesser degree, the femoral arteriovenous sheath, affecting artery and 
vein alike. 

A little more light is shed upon the nature of plilegmasia alba dolens 
by two other recent observations. If it is a disease of lymphatics, capable 
of affecting the arteiy within the common sheath quite as much as the 
vein, some evidence of arterial disorders, over and above those already 
described, ought to be forthcoming. During the past winter, a man, 
fortj-tbree years of age, entered the medical service of the Brigham 
Hospital suffering from pnieumonia. He was not jjarticnlarlj^ ill, but 
for some reason was given a h.ypodei'moel3'Sis in the outer part of the 
right thigh. There remained localty, after what had seemed a normal 
absorption of the saline solution, a small tender lump, and ten days after 
the infusion, a slight, tender swelling of the femoral and lower iliac 
lymph nodes appeared. At the same time, the patient suffered a 
moderately severe pain in the right thigh, which, within tvreiity-tom 
liours, was followed bj^ moderate edema of the entire leg. Naturally, 
it was decidedl}^ interesting to see an instance of phlegmasia alba dolens 
quite clearly of bunphatic origin,® but it was even more fascinating to 


*A somewhat similar case was reported m 180 
Society, by Edward Wyer.^ At the onset of phlegmasia ^ .^a do ens ten day^^ 
childbirth, acute swelling and pam m Wyer heW the 

color of raspberry juice passing up the front of the leg _ dependent on 

disease to “depend upon an accumulation of lymph in the limn . . 
causes peculiarly connected witli tlie puerperal state. 
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discover that the femoral pulse on this side was nearly obliterated and 
that no pnisations could be felt below the groin. In attempting to take 
the blood pressure at the popliteal space, one or two arterial beats were 
heard to come through the cuff at the same pressure as was present in 
the opposite leg ; which makes it clear that the vessel on the affected side 
was still patent though much narrowed. If this observation is accept- 
able, it may be believed that the initial pain of milk-leg, which often is 
so severe as to suggest arterial occlusion, is, in fact, due to an ischemia of 
arterial origin. Certainly the artery is contracted when seen in explora- 
tions of the acute disease. And unless an earlier observation is erroneous, 
it may even be obliterated. Is it too wild a suggestion to hint that the 
instances of gangrene which have been reported in the jiast as compli- 
cations of t 3 ''plioid fever and of pneumonia may really have been due to 
violent arterial spasm or even thrombosis, that is, arterial exhibitions of 
a state which, in its common form, would be piegmasia alba dolens? 
Doubtless the arterial side of the disease can readilj’" be observed if only 
one looks for it. 

There is yet one more matter bearing on the nature of phlegmasia. If 
the characteristic edema is not due primarily to thrombosis within the 
iliac vein but to a reaction within the arteriovenous sheath, it should be 
shown that infiltration of this sheath without thrombosis is capable of 
causing a typical edema. As to this there is actually some clinical evi- 
dence. A patient who was operated upon at the Brigham Hospital for 
biliary obstruction and who died of hemorrhage, happened to have bled 
into the retroperitoneal tissues of the left pelvic brim. Blood infiltrated 
the arteriovenous sheath, causing a well-marked edema of the entire 
corresponding leg, jmt without anj'- thrombosis within the vein. 

But even more authoritative observations as to the effect of perivenous 
inflammation in causing swelling of a leg have been recorded by 
Leriche,^! and by Leriehe and Jung.^- They made injections of salicylate 
of soda (30 to 40 per cent solutions) not only into the lumen of the iliac 
and femoral veins but also into the adventitial sheath about them. In 
either case, a severe perivenous reaction followed and extensive edema 
usually occurred, Thej’- conclude that occlusion of the veins has little or 
nothing to do with the result, that perivenous inflammation has every- 
thing to do wdth it and that involvement of vasomotor nerves causes the 
edema. It seems more reasonable to suppose that involvement of the 
tymphaties rather than vasomotor fibers is responsible, but doubtless 
Leriche would say that I had assumed the role of the devil and was 
quoting scripture for mj’- own purposes. 

Such, in brief, is the information which bears upon the nature of 
phlegmasm. alba dolens. Are its exhibitions due fundamentally* to 
thrombosis and an inflammatory reaction within the principal * vein 
draining the limb, that is, a primary thrombophlebitis ? All of its aspects 
cannot be explained in this way, and the evidence supporting this 



42S 


THE AMERICAN HEART JOURNAL 


ii-po hesjs IS cluefly traditional. Is it due, on the other hand, to a deep 
i.vnipliangitis, ndiieh secondarily affects the blood vessels occupying the 
same sheath? The evidence strongly favors this hypothesis, even though 
tlie source of infection is not usually evident. And here this aspect of 
the matter must be left for further study. One might suppose that a 
primary deep lymphangitis within the pelvis could arise in various ways: 
from the uterus, from the rectum and sigmoid flexure, from the prostate, 
seminal vesicles and bladder, and of course from the leg itself, as in the 
instance cited. In any ease, all infections taken up by the lymphatics of 
the pelvis or tlie legs have direct access to and must indeed necessarihj 
pass through the great lymph vessels about the external and common 
iliac blood vessels. Here, certainly, is the seat of the lesion obstructing 
the lymphatics draining the leg. 

But it must not be taken for granted that the venous side of the disease 
can be neglected. Venous thrombosis must inevitably be a part of it. 
The great white swollen leg shows at least a slight cyanosis, and, as the 
edema recedes, this becomes increasinglj’ evident. If the thrombosis ex- 
tends domi to the popliteal space, there are usually msible dilated 
anastomotic vessels about the knee joint. And, unless the principal vein 
is soon recanaliaed, the anastomotic veins, particularly those connecting 
the saphenous system with the superficial veins of the abdominal wall, 
become permanently enlarged, perhaps varicose. In some few cases, both 
legs are involved, though unequally, as sho^vn in Fig. 3, but whether or 
not a bilateral process implies that the lower part of the vena cava is 
affected seems not to be laioivn. 

Embolism is, on the whole, unusual. It appears less likely to occur in 
the course of an outspoken plegmasia alba dolens than from obscure 
sources of thrombosis near an operative field. That is, perhaps, con- 
sistent with the idea of a perivenous inflammation causing a secondary 
clot in the iliac vein, for such a clot, except perhaps in the presence of 
suppurative sorts of infection, would be likely to have a uniform 
character, unlilvely to undergo a septic softening, and would be solidly 
adherent to the vein’s wall. In most instances, then, fear of embolism 
need hardly militate against any proposed treatment. 

The treatment of phlegmasia alba dolens ought to be planned to get 
rid of the edema at the earliest moment, to restore the Ijunphatie circu- 
lation and to forestall the late complications. There is no reason, at an 
early stage, for doing anjdhing but giving such opiates as are needed and 
elevating the leg. There is every reason for not using ice on the leg, 
for the basic lesion is not there, and even if it were, ice would be the 

worst possible remedy for it. - i r 

As soon as fever has disappeared and tension has lessened a little, tJie 
leg should be exereised in bed, first by setting and relaxing the muscles 
and then by actually momng it. There is no objection, even, to light mas- 
sage. Such measures are no more Hable to cause embolism than taking a 
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bed-bath or Hsing a bed-pan. As the swelling goes doivn, the patient 
should begin to exercise the leg in a dependent position ^the main thing 
being never to let it remain dependent except when exercising it. For 
the more readily lymph is drained from the limb and the fewer hours out 
of each twenty-four the tissues are kept soaked in lymph, the less liable 
are secondary infections to occur. The late complications and their treat- 
ment have alreadj^ been described. It is clear that only when lymph- 
stasis is superficial and local, can efforts to drain lymph from the super- 
ficial tissues into the deeper parts by the Kondoleon procedure have any 
success. To attempt such an operation in the face of generalized lymph- 
stasis in the leg, due to plugging of the principal lymph vessels, above 
the groin, is utterly unreasonable. 

Operative treatment of phlegmasia alba dolens is in the experimental 
stage. It should only be used upon the worst cases and should probably 
be confined to splitting the sheath over the iliac vessels. There is no 
doubt that, if performed promptly, it causes the swelling to recede in a 
remarkable way, but whether an abdominal operation should be added 
to the patient’s difficulties is not yet clear. Evidently, since the ob- 
struction is primary about the great iliac vessels, there and not elsewhere 
is the place to attack. Yet the operation requires some degree of skill, 
and since it entails, in the treatment of a disease not in itself fatal, a 
possible risk to life, it must be shown to have decided advantages before 
it can be accepted even as a basis for further progress. 

To recapitulate, there are forms of thrombophlebitis dependent upon 
an unhealthy state of the vein’s wall — the varicose type — and peculiar 
sorts, partly of local origin and partly due, perhaps, to an abnormality 
of the blood — phlebitis migrans. There are also venous thromboses of 
traumatic origin. But thrombophlebitis which affects the preffiously 
health}^ veins draining the lower limbs, particularly the familiar scourge, 
phlegmasia alba dolens, appears to be secondary to a nonsuppurative 
lymphangitis, which from its situation, is able to attack artery as well 
as vein. And the principal exliibitions of such a disease are neither 
venous nor arterial, but lymphatic. 
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SOME CIjINIGAL FEATURES OF CORONARY 

artery DISEASE^'t 

RoniiRT L. Levy, M.B. 

New York, N. Y. 

TT WAS Edward Jennerd in the latter part of the eighteenth century, 
who first suggested the probable relationship between calcareous 
deposits in the coronary arteries and that “disorder of the breast to 
which his contemporary, Heberden, gave the name “angina pectoris.’ 
With Jenner’s observations, followed soon after by those of Parry, 
originated the concept that there wa.s an association betAveen clistnr- 
bances in the coronary circulation and the manifestations of a dis- 
ordered heart. In 1884, Leyden- gave an exeellcnt description of coro- 
nary sclerosis and thrombosis, and for the first time satisfactorily cor- 
related symptoms, signs and pathological changes. The evolution of 
sharply delineated clinical pictures has been slow, though .stimulated 
during the past twenty years by rencAved interest in acute coronary 
obstruction. In the development of our knoAAdedge concerning this 
condition, the paper of the Russians, Ohra.stzoAV and Straschesko® in 
1910, and the publications of J. B. Herrick^ in 1912 and 1919, Avill 
stand, together Avith Leyden’s account, as bi.stoA'ic landmarks. 

What are the various affections which may involve the coronary 
arteries? Data on this point IiaAm been obtained from the autopsy 
records of the Presbyteriair Hospital covering the ten-year period 1920 


Tabm I 

Etiologio Types op Cohonary Disease aYith Associated Patuoeogic States.* 
Their Eeeative Frequency in 148 Autopsies at the Presbyterian Hospitae, 
New York (1920 to 1929, Inclusive) 


1. Arteriosclerosis 

a. Atheroma 

b. Calcification 

c. Stenosis. 

d. Qeclnsion 

e. Thrombosis 

f. Infarct of myocardium 

g. Aneurysm of heart 

h. Enpture of heart 

2. Syphilis 


110 


22 

56 

5 

3 


a. Stenosis or obliteration of orifice 

b. Infarct of myocardium 

3. Rheumatic fever 
a. Arteritis 

4. Embolism 

5. Periarteritis nodosa 
a. Arteritis 


’Obviously, in 


12 

3 

0 

1 


number of 
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to 1929, Iiiehisive.- Diiniig this time, 148 cases (10.7 per cent of all 
rlie autopsies) showed lesions iu the coronary vessels. The etiological 
types of pathological condition observed, together with their relative 
frequency, are shown in Table I. 

Syphilis of the coronary arteries is seen almost exclusively in as- 
sociation vdth specific aortitis, and assumes clinical importance when 
the orifice of one or both coronaries becomes stenosed or obliterated. 
In such cases, as pointed out by von Glahn,® the abnormally high origin 
of the vessels predisposes to their involvement by the syphilitic process 
iu the aorta. Syphilitic arteritis of the smaller intermuscular branches, 
described by "Warthin,® was not encountered in this series; nor was 
coronary involvement found in eases of thromboangiitis obliterans or 
erythremia. The coronary lesions of rheumatic fever, for the present, 
are of interest chiefly to the pathologist. Clearly, the arteriosclerotic 
groiTp, vdth the concomitant morbid changes in the heart, is numeri- 
cally by far the most important. The relatively high incidence of in-' 
farction of the juyoeardium unassoeiated with recent thrombosis, is 
noteworthy. Some of these infarcts no doubt are the result of an old, 
acute thrombotic occlusion. Many, however, appear to follow the 
more gradual closure of a branch, due to sclerotic changes. 

The infrequency of embolism of a coronary artery also deserves 
mention. In a series of 3093 autopsies performed in the course of 
twenty-four years, this condition was met with but three times. It oc- 
curred once in a young man with vegetative endocarditis of the aortic 
valve, who died suddenly due to the plugging of the orifice of the left 
coronary by a piece of vegetation. A second instance was observed in 
a boy of nineteen years, who suffered from subacute mitral and aortic 
endocarditis due to BaciHiTS influenzae. The coronary embolus was 
small and death was gradual. The third case was that of an eighteen- 
year-old boy, who died suddenly after an enema. The myocardium 
showed a curious hydropic degeneration, udth fibrosis and infarction. 
There were thrombi in the right ventricle, and an embolus was found 
in the anterior descending bi’anch of the left coronary artery. 

That heart disease is now the leading cause of death, and that its 
mortality curve has been rising steadily for the past twenty years is a 
matter of common Icnowledge. But that the increasing number of 
deaths from diseases of the heart occurs almost entirely in persons 
over the age of forty-five years, is not so generally appreciated.’’ In 
the younger age groups, the rate is actually falling. How is -the in- 
creasing number of cardiac deaths in older individuals to be explained? 
It is due, in large measure, to the fact that more people are living to the 
“heart age,” that is, they survive to that period of life when degen- 


*The period Tvas hegnn the year 1920, because bV this time the various 

features of coronary arterj* disease were sufficiently well known to , 'b a c 

Tarison betweS autopsy knd clinical records Jhe period was termma^^^ 

because of re-arraugeineTit of the hospital ser\ice tnis oat. ^ 

uulnt figuVes Uierefore; were nSt comparable. I am indebted to Dr. James W. Johhns 
for permission to utilize the Records of the Department of Patliology. 
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erative processes affect tlie circulatory system to a sufficient degree to 
cause functional impairment. In addition, the growing body of knowl- 
edge concerning cardiovascular conditions lias resulted in more accu- 
rate diagnosis. We are becoming increasingly familiar with the pro- 
tean manifestations of circulatory disorders, and it is now rare to find 
the cause of death given as “acute indigestion” or “senility.” 

The question naturally presents itself as to whether affections of the 
coronary arteries arc likewise shmving a rising trend in their incidence. 
Again, the autopsy files of the Presbyterian Hospital were consulted, 
using the material recorded during the ten-year period 1920 to 1929, 
inclusive. The results of the analysis are shown in Table IT. It is ap- 


Table II 


Percentage of Cases of Coronary Artery Disease* in Beeation to 
Total Number of Autopsies, 1020 to 1020, Inclusive 
(Presbyterian Hospital, Nfav York) 


YEAR 

TOTAL NO. OF 

AUTOPSIES 

NO. OF CASES OF 
CORONARY niSEASE 

PERCENTAGE OP CASES 

OF CORONARY DISEASE 

1920 

124 

1 16 

12.9 

1921 

91 

12 

13.2 

1922 

147 

13 

8,8 

1923 

123 

7 

5.7 

1924 

127 

13 

10.2 

1925 

118 

14 

11.9 

1926 

144 

20 

13.9 

1927 

115 

13 

11.3 

1928 

151 

11 

7.3 

1929 

240 

29 

12;1 

Total period 

1380 

148 

10.7 


.‘Anatomical diagnoses included are: arteriosclerosis of coronary artery', throm- 
bosis of coronary artery, embolism of coronary arterj^ syphilitic stenosis or oblitera- 
tion of orifice of coronary artery, infarct of heart and aneurj'sm of heart. Cases filed 
under more than one heading are counted only once. 


parent that, althongh the percentage of cases of coronary disease in 
relation to the total number of autopsies lias shown some variation 
from year to year, yet there has been no distinct trend either up or 
down. In both 1920 and 1929, the figure was 12 per cent. The evidence 
presented by this particular group of cases affords no support for the 
current impression that an increasing proportion of the population is 
dying of coronary artery disease. No other comparable set of figures 
has been published. Before drawing a general conclusion, it will be 
necessary to analyze a large and assorted material. 

The clinical diagnoses during the same ten-year period were then 
tabulated for comparison with the autopsy findings (Table III). The 
analysis was based upon the percentage of cases diagnosticated as coro- 
nary artery disease, in relation to the total number of admissions to 
the medical service. The difference in trend is striking, for with minor 
fiuctuations, the percentage rises from 1.1 in 1920 to 4 3 in 1929 a 
fom-lold .ncrease. Tabulation of the cases hy age groups s 
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the increase m the latter part of the period was not dne to the fact that 

during these years a greater number of elderly patients was admitted 
to the hospital. 

How can this discrepancy between autopsy and clinical records he 
reconciled? I believe that the explanation can be stated briefly and in 
modern parlance. Thus, it may be said that during the last two dec- 
ades we have grown to be “heart-minded”; in the past ten years we 
have become “coronary-conscious.” Many of the milder, nonfatal and 
atypical forms of coronary disease are being recognized with increasing 
frequency. For this reason, the figures for the later years probably 
more nearly approximate the truth. 


Table III 


Percentage of Cases Diagnosed as Coronary Artery Disease* in Eelation to 
Total ISTtuiber of Admissions to Medical Service, 1920 to 1929, Inclusive 
(Presbyterian Hospital, New York) 


YEAR 

total no. of med- 
ical ADMISSIONS 

NO. OP CASES OF 

CORONARY DISEASE 

PERCENTAGE OF CASES 

OF CORONARY DISEASE 

1920 

1SS6 

20 

1.1 

1921 

1837 

17 

0.9 

1922 

1820 

19 

1.0 

1923 

1587 

13 

0.8 

1924 

1677 

35 

2.1 

192o 

1720 

33 

1.9 

1926 

1639 

47 

2.9 

1927 

1651 

38 

2.3 

1928 

1581 

58 

3.7 

1929 

2198 

94 

4.3 

Total period 

17,596 

374 

2.1 


‘Clinical diag'noses included are: arteriosclerosis of cornary 
of coronary artery and infarct of heart. Cases filed under angina pectoris ^ ' 

eluded if the record suggests that coronaiT diesease u’as the basic pathojog c 
Cases filed under more than one heading are counted only once. 


It has been pointed out that ai’teriosclerosis, with the various associ- 
ated lesions in the myocardium, is the commonest form of coronary af- 
fection. We apply to it the name of disease because there is an ill- 
defined transition zone between those changes incident to the noimal 
processes of senescence and the morbid states which are regarded^ at. 
pathological. For clinical purposes, it may be said that disease exists 
when the degenerative process has induced alterations in a tissue oi 
organ in such a manner or in such a location that symptoms and signs 
of functional impairment become manifest. Usually, eoronarj’’ sclerosis 
is part of a generalized arterial degeneration; occasionally, only t e 
coronary bed appears to be involved to a significant degree. 

Concerning the causes which predispose to degenerative changes in 
the coronary vessels but little is known. Heredity undoubtedly plays 
a role, for several members of a family may suffer from the anginal 
syndrome and die in the agony of an attack. As Osier phrased i , m 
the make-up of the machine, bad material was used for the tubing. 
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Men are more Irecinently atteeted than women. ^ f ^ 
ment of fnnetion usually appear after the age of foity, and ^ 

may well be called tlie dangerous decade. The part played m etiol gy 
by diet, by infections, general and focal, as well as by tobacco, ajcobo 
and endocrine imbalance, is not clearly defined. In patients with la- 
betes mellitns, coronary disease is encountered with relative fre- 
quency .« Obesity, especially in the hypertensive, undoubtedly places an • 
added burden on the circulation; and hypertension itself often pre- 
cedes, or accompanies atheroma. Warthin’s'’ contention that syphilis 
predisposes to coronary sclerosis and its resultant cardiac pathology, 
finds no support in the observations of others.® There is much current 
talk concerning the specific deleterious effects of the hurry, worry and 
speed of modern life upon the cardiovascular system. It is difficult to 
prove such a relationship, for many factors must be taken into account. 
And it is well to bear in mind that arteriosclerosis is a disease of antiq- 
uity, found in the mummied corpses of Egyptians who lived 3500 years 
ago. The cause of truth is not furthered by draiving hasty and ill- 
founded inferences based upon circumstantial evidence. 

The pathological changes in the heart which result from sclerosis 
of the coronary arteries will, of course, vary according to the extent 
and location of the vascular lesions. Small isolated plaques may cause 
no damage to the myocardium. Impairment of the circulation of the 
heart muscle may result in patchy fi.brosis. Stenosis and occlusion are 
often followed by the formation of an infarct, and if the area of soften- 
ing and subsequent thinning of the wall is extensive, aneurysmal dila- 
tation of the ventricle follows. If the changes are diffuse, the heart 
enlarges, chiefly by hypertrophy. It is axiomatic that an enlarged 
heart is a diseased heart, though not necessarily one which is function- 
ally inadequate. 

It has been pointed out by Gross^® and by Oberhelman and Le 
Count“ that there are wide variations in the distribution and anas- 
tomoses of the coronary arteries, in different individuals and at dif- 
ferent periods of life. It is reasonable to expect, therefore, that the 
manifestations of disturbances in the coronary circulation will be vari- 
able, due in part to anatomical conditions, and in a measure to other 
individual constitutional factors. Clinically, the cases of coronary 
sclerosis (exclusive of thrombosis) may be divided, according to their 
presenting symptoms, into four groups: (1) those with cardiac in- 
iifficieney; (2) those with cardiac pain; (3) those with digestive dis 
turbances; (4) those without symptoms, and sometimes without signs 
^the latent type Obviously, there are many mixed cases wTsymp 
toms from more than one group. ^ 

fomli?LwT'‘. ^ “OSes wMch were 

.... myocarditis,” and to which the term “fibrosis 


of the myocardium’ 


IS now applied, are the result of sclerotic changes 
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in the coronary arteries. Frequently it is the smaller branches Avhich 
are involved The heart is nsnally enlarged. Hypertension is some- 
times, thongli not necessarily, present. The patients are most often 
men in the fifth or sixth decades of life. Signs of valvular disease are 
usually absent, but an apical systolic murmur may be heard, sometimes 
due to a flabby and dilated mitral ring. Anatomical mitral insuffi- 
ciency maj’’ result from extension of the sclerotic process from the 
aorta to the anterior cusp of the mitral valve; a similar atheromatous 
or calcified lesion may deform the aortic valve segments, ivith the pro- 
duction of leakage or narroiving at the aortic orifice. 

The sjnnptoms of cardiac insufficiency are insidious in their onset. 
Slight dyspnea after a degree of effort Avhieh ivas habitually unat- 
tended by discomfort, is an early harbinger of trouble. Sivelling of 
the ankles aboAm the shoe tops, toAvard CAmning, follows ere long. 
Cough, a sense of fullness in the epigastrium, due to a SAvollen liver, 
and inability to recline comfortably in bed on the customary number 
of pilloAA'S, are later evidences of advancing heart failure. Tachycardia 
and irregularity of the heart’s action, in the form of premature beats 
or auricular fibrillation, may cause the patient to complain of palpita- 
tion. I have been particularly impressed by the frequency Avith AAffiieh 
premature beats of auricular origin are observed in these cases. Heart- 
block, partial or complete, is one of the forms of arrhythmia more 
rarely encountered. Changes in the form of the electrocardiogram, if 
present, afford confirmatory eAudence of myocardial fibrosis, and their 
character may be of decided aid in estimating the scAmrity of the car- 
diac damage. Often, hoAvever, the graifiiic record shoAA’-s little or no 
deviation from the normal, in spite of the clinical picture of advanced 
failure. 

Once the signs of myocardial insufficiency haAm appeared, the course 
is usually progresshmly doAvmvard. Each successiAm break in compen- 
sation is followed by slower and less complete recovery. Arterioscle- 
rotic closure of a coronary branch, if gradual, may be unattended by 
symptomatic disturbance. If the obstruction of the lumen is sudden, 
diseomfoi't is often marked. As in thrombotic occlusion, there may be 
pain, nausea, vomiting and occasionally transitory cardiac irregularity 
due most frequently to premature beats or auricular fibrillation. If 
the obstructed vessel is of fair size, there is formed an infarct of the 
myocardium. Subsequently, aneurysmal dilatation of the ventricle 
may develop. In the late stages of failure, paroxysms of nocturnal 
dyspnea (so-called cardiac asthma) are not uncommon and may be ac- 
companied by pulmonary edema. Yet, Avith careful management, 
some of these patients are able to carry on at a loAvered level of actiAuty 
for a number of years. The end may come gradually, from increas- 
ingly severe heart failure, or quickly, from acute coronary obstruction 
or a cerebral hemorrhage. If the kidneys are affected, uremia is 
sometimes the terminal eAmnt. 
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(2) The pain group. The eases characterizccl by attacks of sub- 
sternal or precordial pain are commonly called by the generic terin 
“anoina pectoris.” On previous occasions, T liave endeavored to poin 
out Sie undesirability of applying to tliis symptmn a designation whicii, 
historically at least, carries with it the implication of a particulai 
disease.^^ Pain in the chest may be an expression of a number oi linsie 
pathological states. It is profitable and indeed, essential, to consider 
the diagnostic problem from its etiological, anatomical and functional 
aspects, if intelligent therapy is to be given and a reasonably accurate 
prognosis is to be attempted. 

The mechanisms by which pain impulses originate in the heart and 
are transmitted from it to distant points of reference, are as^ yet but 
imperfectly understood. It would require too much time to give them 
adequate consideration here. It is sufficient to say that theic is in- 
creasingly convincing evidence, both clinical and exjierimcntal, Avhich 
indicates that heart pain, paroxysmal or prolonged, is usually of coro- 
nary origin and results from myocardial ischemia.^’'’ In a .study of the 
pain in intermittent claudication, Lewis’^* has recently shown that 
chemical or physicochemical factors arc also concerned in its produc- 
tion. As he has indicated, analogous conditions may prevail in pain 
of cardiac origin. Furthermore, transient changes in the form of the 
electrocardiogram during brief attacks strongly suggc.st the possibility 
that the anoxemia is in part functional and in such paroxysms may 
arise from spasm of the coronary arterioles.’® 

The characteristics of what may be called a typical attack are well 
known. The pain may occur not only after effort or emotion, but at 
rest, and not infrequently at night, in bed. It varies in intensity, in 
part according to the sensitivity of the individual to painful stimuli. 
A sense of substernal oppression may be as significant as the sharpest 
twinge. There are many equivalents of breast pang, such as headache, 
dizziness, a sudden feeling of great Aveakness, .sweating (sometimes 
unilateral in distribution), nausea or vomiting.’'’ An unusual oppor- 
tunity to obseiwe the substitution of paroxysms of dyspnea for pain 
Avas afforded recently. A man, aged forty-four years, Avith coronary 
sclerosis and attacks of pain so scA'^ere that he had been completely in- 
capacitated for eight months, receh'-cd paravertebral injections of 
alcohol into the first five dorsal rami tAvo and one-half years ago. ITe 
was completely relicAmd of the paroxysms and Avas abie to return to 
Avoik. He came to the clinic three Avecks ago, complaining of attacks, 
occurring both after effort and at rest, during which he became sud- 
denly short of breath and actually gasped for air. The attacks Avere 

accompanied by an aching sensation in the left elboAv. 

Avas promptly relieved by nitroglycerine 

iJ i1 n. 


All discomfort 

.. „ . Such pain equivalents are 

tiequently confusing and I believe are often present in patients Aidio 
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(3) TU digestive grouix It is only in recent years that adequate 
empliasis has been placed upon the importance of digestive distur- 
bances as part of the picture of myocardial disease. Both the gastro- 
intestinal tract and the heart are innervated by large hranehes'^of the 
vagus nerve, ^ so that reciprocal symptoms might well be anticipated. 
There are, in addition, numerous intercommunicating sympathetic 
patlnvays. Indigestion is one of the favorite disguises of coronary 
sclerosis; flatulence and belching are among its common manifesta- 
tions. illany of tliese patients are treated for supposed ailments of 
the stomach, bowel or gall bladder. A paroxj’^sm of cardiac pain may 
be referred entirely to the epigastrium; nausea and vomiting attract 
further attention to the abdomen as the source of trouble. The more 
violent digestive symptoms in acute coronary obstruction are of even 
greater interest and importance; reference will be made to them again 
under that caption. 

(4) The latent group. It is hardly necessary to point out that the 
presence of eoronaiy sclerosis is frequently overlooked during life and 
is found as a surprise at the post-mortem table. In a series of 86 con- 
secutive, proved cases studied by Willius and Browifl' at the Mayo 
Clinic, 34, or 40 per cent were of the latent tj^ie, in which there was 
insufficient subjective or objective evidence of cardiac disease to pei*- 
mit of its clinical identification. Coronary disease should be suspected 
whenever a chronic, uonvalvular affection of the heart is observed in 
an individual over forty years of age. Attention paid to the atypical 
manifestations Avill result in a higher percentage of correct diagnoses. 

Thrombosis of a coronary artery may be considered as an episode in 
the natural history of coronary sclerosis, for the thrombus almost in- 
variably forms in a vessel already the seat of atheroma or calcification. 
So, in a majority of instances, if a careful history is taken, or a com- 
plete examination is made prior to the attack, some evidence of pre- 
aTous cardiac disturbance will be discovered. The dramatic features of 
sudden obstruction of a large coronary branch impress themselves in- 
delibly upon the memory of the observer. The agonizing and pro- 
longed substernal or epigastric pain, the nausea, vomiting and belching 
of gas, the ashen countenance bathed in cold sweat, and the anxiety of 
the sufferer, all serve to define a picture which is now well knovm.^® 
The blood pressure falls, the heart rate rises, and cardiac arrhythmias 
of various types may appear. The presence of a gallop rhythm indi- 
cates that the myocardium has been severely damaged. 

FoUomng the shutting off of the blood supply to an area of heart 
muscle, an infarct develops, varying in size with the caliber and num- 
ber of occluded branches. If the infarct reaches the pericardial surface, 
a friction rub may be audible, often only for a short time. Necrosis of 
the myocardium is followed, after the lapse of some hoiirs, by fever. 
The leucocyte count rises, at times soon after the occlusion, and may 



439 


: CLliCICAI. YEATUnES OF COEOKAKV AETEHY BTEKASE 

be as Hgl. as 30,000. Almost iovav^b^ ^ 

coej^osis, there is relative polynucleosis. _ ^ " is .stron-lv 

bol- Bits of thrombus Avithiu the ventricle may hocome cletn lod 

and depending upon whether the right oi'Hie left or^vslcinic 

the site of infarction, emboli may he carried to llie 
circulation. Hemoptysis due to pulmonary ^ ' 

quent; hemiplegia and the plugging of an artery in the leg aie ^i. 

The electrocardiogram is often of great aid in differential diagnosis 
and is useful in following the progress of the cardiac lesion.-® To con- 
sider it in detail is not within the scope of this paper. Three points 
should be kept in mind in the interpretation of the records: (1) form 
changes, if present, should not be regarded as ctiologically specific; 
(2) successive changes from day to day, or ivoek to week, afford c\i- 
dence of altering conditions in the myocardium, and may indicate heal- 
ing of the infarct or an advancing lesion; (3) a relatively normal rec- 
ord may be obtained, even though there is extemsivo damage to llie 


heart muscle. 

Much attention lias beou directed to the abdominal symptoms of 
coronary thrombosis, for thej'' liavc led to great confusion in diagnosis. 
The acute cardiac upset has been mi.staken for cbolecy.stitis, chole- 
lithiasis, acute pancreatitis, perforated gastric or duodenal nicer, in- 
testinal obstruction and hemorrhage into the suprarenal capsule. vSur- 
gical procedures have actually been attempted under those circum- 
stances. So strongly have the abdominal manifestations of a covonavy 
attack been impressed upon the minds of pliysieians, that llicre is now 
a tendency for the diagnostic pendulum to swing in the opposite direc- 
tion. A case in point is as follows ; 


CASE REPORT 

Mrs. B., aged 61 years, -(vas a -vvidow. One brother had died of heart di.se.asc. 
She had had no severe illnesses and physically was very active. She could oliiub 

stairs and hills, and worhed in her garden without discomfort. The digc.stiou was 
usually good. 

One evening, she dined in the restaurant of the apartment hotel in which she 
lived. She was awakened at 2 o’clock the following morning by severe .abdominal 
c amps, followed by profuse vomiting. The pain did not radiate to the arms or 
T'! Ir®'" summoned, and greatly alarmed her family by 

obstructiof 

xz xrtr z zxzir'rx 
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cussioii or on fluoroscopic examination. Tl.e rhytlmi was regular. The sounds were 

*5 l” the aortic 

area The Wood pressure .vas 142 mm. Hg systolic; 86 diastolic. The aorta was not 

dilated and its pulsations were quite vigorous. The electrocardiogram showed left 
axis deviation, but no other changes. In short, there were no signs of cardiovascular 
disease except for the moderate amount of arteriosclerosis, to which the patient at 
her ago, was entitled. It was thought that the attack of abdominal pain and 
vomiting was probably due to food poisoning. On further, inquiry, it was found 
that three other women, ivho had eaten the same table d'hote dimier in the same 
restaurant on the same evening were similarly affected, though they were less vio- 
lently ill. The patient has been perfectly well during the past six months. 


In this ease, then, the symptoms of a gastrointestinal upset were at- 
tributed to aente coronary obstruction. Detailed examination revealed 
no CAddence of heart disease, and the subsequent course has borne out 
the impression that the attack tvas not of cardiac origin. 

There are mild and atypical cases, many of which are undoubtedly 
OA'-erlooked. A sense of substernal oppression, a mild twinge of pain, a 
paroxysm of dyspnea, an aching sensation in the arm or a sudden feel- 
ing of great Aveakness may indicate acute obstruction of a coronary 
lAvig. There may be slight fever and leucocytosis. The inference that 
such symptoms truly represent a thrombotic closure is often borne out 
by serial electrocardiographic studies in Avhich successive changes ap- 
pear in the records ; or by the occurrence, months or years later, of a 
more seA^ere and perhaps fatal attack. A group of such cases has re- 
cently been reported in detail."’- An illustrative instance is as follows: 


CASE REPORT 

Mr. AA'’., aged 6G years, was a business executive. One brother had died at the 
age of 60, of heart disease. He had never been seriously ill, nor had there been 
any cardiac symptoms. 

The present illness began two weeks before his visit. AVliile playing golf, he sud- 
denly experienced a sense of pressure over the sterum, but no pain. This lasted 
ten or fifteen minutes, and he was able to finish the round. A week later, while 
coming out of a theater, the same sensation recurred, not severe, but lasting about 
an hour. He broke out into a profuse perspiration. On the following day, while 
in bed, he noted tingling in the left arm and substernal pressure, again lasting about 
an hour, and accompanied by sweating about the head, neck and chest. He recalled 
that he was obliged to change into a fresh pair of pajamas. A similar "cold sweat” 
occurred on the next night. At no time was there any pain, and he went to business 
regularly. 

On examination, the patient appeared to be at least ten years younger than his 
stated age. The heart, by percussion, was moderately enlarged to the left. The 
rhythm was regular; the rate 68. The sounds were quite weak, but no gallop rhythm 
w'as heard. The blood pressure was 130 mm. Hg systolic; 86 diastolic. On fluoro- 
scopic examination, cardiac enlargement was confirmed, and the aortic knob was 
found to be prominent. 

An electrocardiogram was made by another physician ten days after tte onset 
of symptoms. This showed regular sinus rhythm and slight left axis deviation. Tl.e 
T-wave was inverted in Lead I, and upright in Leads 11 and III. Another lec^ 
ord, taken three days later, sho-n^ed striking changes. T, wms now uprig . 
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slight devstio,. of the Il.T in tail I, nn.l ...nvI.Ml dovation in Load 

II There was no disturbance in conduction. 

It thouglit that the patient had had occlusion of a small coronary bvaimh, 
and that the sense of substernal pressure and sweating appeared as substitution 
"mptmns in place of pain. Ho was Iccpt in bod for three weehs. There was no 
rLrrence of discomfort. During the following four months, numerous elect o- 
cardiograms wore tahou. T, became progressively higher aud the elevation of he 
R-T interval in Leads I and II disapoparod. Those snceessive changes in the elec- 
trocardiograms were duo, it was believed, to alteration in the state of the myo- 
cardium, associated with healing of a small myocardial infarct. 


Thi.s case exemplifie.s one of llie mild forms of eoroiiary lliiombosis 
without pain, in wlncli a sense of substernal oppression ivas accom- 
panied and followed by profuse sweating. Kecovery was rapid, but. 
the successive cbaiiges in tlic electrocardiogram afforded dotiuitc evi- 
dence of injury to the heart muscle. 

Coronary thrombosis may cause almost instant ancons death, prob- 
ably dne to fibt'illation of the ventricles. Some patients live for a few 
hours, others for days, months or years. Following rccoveiy from an 
acute attack, life may terminate gradually, with .signs of cardiac in- 
snfficieney, or suddenly, dne to a fresh obstructive lesion, Occasion- 
ally, the heart wall, weakened by a large area of ncerosis, ruptures. 
If the infarct heals and is replaced by an extensive fibrotic sea)*, an 
aneurysm of the ventricle may develop.-* 

In a series of 287 cases analyzed by Conner and Ho]t,=^'‘ the immedi- 
ate mortality in the first attack was 16 per cent. Among the patients 
in their group having two or more attacks, the time interval between 
the first and second attack was less than one year m lialf flie cases. 
One patient remained in good health for seventeen years and died in a 
second attack eighteen years after the first. Jlild initial .symptoms aud 
a rapid rate of recovery tend to indicate a favorable immediate out- 
come. But in any given instance, it is extremely difficult to prognosti- 
cate as to the liability to reenrrence, or to estimate the probable ex- 
pectancy of life. 


A presentation such as tins is necessarily fragmentary and incom- 
plete. ^ I shall take comfort from the words of Oliver Wendell Holmes 
who; in a lecture delivered at the Haiward Medical School in 1867 
gave this adviee to the junior members of the faculty: “Do not frol 


M,D ,S3S, H. Co,b„„, p. 
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THE OPENWa SNAP 

ini'RALm IN jriTKAE STENOSIS ITS CHA^EACTBMS , 

mechanism of productign and diagnostic 

IMPORTANCE^' t 

Alexander ISIakgolies, ]\I.D., and Charles C. -Wolferth, AI.D. 

Philadelphia, Pa. 

MOST patients with mitral stenosis a characteristic snapping or 
clicking sound occurs shortly after the second heart sound. It is 
sometimes audible over the entire precordium. It is usually heard best 
in the fourth left interspace and occasionally may be louder in this 
position than either the first or second sound. In spite of the fact that 
the sound has been elearl.y described a number of times, it seems never 
to have gained the recognition merited by its diagnostic significance. It 
has been confused by most writers either noth reduplication of the second 
heart sound or with gallop rlijdhm. Reduplication of the second sound is 
frequently present in mitral stenosis but has practically no diagnostic 
importance, since it is often found in undamaged hearts and in various 
types of heart disease other than mitral stenosis. It is questionable 
whether gallop rhythm ever occurs in the presence of well-developed 
mitral stenosis. The sound, however, to which we wish to recall attention 
does help to produce a grouping of sounds not very different from that 
of protodiastolic gallop rhythm. However, it resembles gallop rh;ji:lim in 
no other of its physical characteristics and may be readily differentiated 
from it. 

Duroziez^ in 1862 gave the first recognizable description of this third 
sound as a part of the pathognomonic sound rhidhm of mitral stenosis 
(which he represented by the syllables ffout-ta-ta-rou), but he, and later 
Potain= ascribed it to asynehronism in aortic and pulmonic closure. 
Guttman® was the first to recognize that the sound is not due to redupli- 
cation at the base. He made the important suggestion fhat it originates 
at the stenosed mitral orifice itself ; although he stated erroneously that 
it is most clearly heard over the lower part of the sternum or near the 
apex of the heart. In 1881 the sound was described for the first time 
in die English literature by Sausom,^ who adopted Guttman’s view that 
it IS produced at the mitral orifice. He believed that the cause of the 
sound IS tension on the “mitral curtains.” Sansom invented the term 

reduplication of the second sound at the apex,” which unfortunately 
persists. 

Rouches,'- whose interest had been stimulated by Potain, pub- 

Unn-eriuy ‘of pTnntvlvailia Section, Medical 

tPresented in part before - • 5 ‘'a.nia. 


Quebec, 
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CUnical Association. 

dou\erture de la mitrale) in Mitral Stei^osis” ’^ Hiastolic Snap (Claciue- 
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S led a tliesis on the subject. He characterized the sound as a sharn 
snap heard in mitral stenosis with or without associated insufficiency 
coming shortly after the second sound and marking the beginnintr of the 
diastolic rumble. He called the sound Le claquemeni d’ouverhire de la 
mitrale, stating that Potain had used this term in his teaching.^ Among 
Rouches^ conclusions were the following: (1) the active cause of the 
claquement d’ouverture de la niitmle is stretching of the stenosed valves 
by the pressure of blood unable to flow freely from the auricles; (2) 
the sound does not occur if the Amlim leaflets do not retain some supple- 
ness and ability to snap when stretched ; (3) the sound therefore denotes 
the presence of pronounced but not extreme stenosis. Following the 
contributions of Guttman, Sansom, and Rouehes, other papers ap- 
peared®* ‘ but added nothing of importance to the observations of these 
investigators. In 1905 and again in 1912, Gallavardin®* ® discussed this 
sound and attributed it to the effect of a shock-like waim, initiated by 
aortic closure. He assumed further that this wave traveled downward 
and struck against a stenosed but open mitral valve. In his second 
paper, the physiological third heart sound was attributed to the shock- 
like wave striking a normal open mitral valve. Tlie differences in quality 
of the sounds were regarded as due merely to the differences in the 
physical properties of the normal and stenosed valves. 

Heart sound registration methods offer an excellent opportunity to 
study this sound, since it is easily recorded. A search of the literature, 
however, reveals the fact that veiy little work has been done in this fleld. 
Lewis^® noted a gap between the second sound and the beginning of the 
diastolic murmur, Wilson and Wishart^^ also observed a pause between 
the second somid and the beginning of the diastolic murmur which gave 
rise to a triple rh 3 dhm. GroedeP- has recently" referred to a “splitting” 
of the second sound and states that the diastolic murmur begins with 
large vibrations which one can hear as a third sound. These statements 
can be confirmed bj^ sound registration methods in certain cases of mitral 
stenosis, but all these writers overlook the snapping sound pointed out 
bj^ earlier observers. It is true that there is a gap between the second 
heart sound and the beginning of the diastolic murmur which is revealed 
by sound tracings if the recording apparatus is sufficiently damped. It 
is likewise true that the tracings frequently show^ the murmur of mitral 
stenosis to be initiated by a series of Aubrations of relatively large ampli- 
tude. The characteristic third sound of mitral stenosis, however, is 
neither a part of the second sound nor a part of the murmur. It disturbs 
the quiet of what would otherwise be an auscultatory gap betAveen the 

second soiuid and the murmur. _ 

Recently Mozer and DuchosaP® have published sound tracings in w ncU 
they have called attention to the snap {Iriiit de rappel). These workers 

^A^arently Potain had come to this conclusion after puhlishing the paper in 
1875 referred to above. 
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Tiio«o viows 'will be (liscussi'd Litii. . 

Vo,.,r.Hli(i<rr. Of tlic various .losif-natious ul.irli haw Ikvu uso. h. 

call attention to this el.araelevislie souml in mitral stenosis l.mulies 
-rmnortare ,,e - ''7:“'';''^"'-' ■ i ' 

nal-t of our iLh. ive 'vere nnivillins to ailoin this terlo on t lie (.Toninl 
that it. implied a moehanism of product ion oi' the souml wim-li 
proved. Our studies cd' this mechauism. h.ovcvor, sui)port the vicnv h.' .1 
by tlie earlier u-riter.s that llie sound is due to an opemn- snap ol Die 

mitral valve, thus u-arrantiuL^ retentitm of the term. I’lie desmuatton 

bntil (k mpjH'f which has been used by certain l-'reuch urilers. altboinji 
pietures([ue. lias little siytiitieauce and sbonld be discardetl. 

Maicrial and .Vclhads of Sound Unikirulion. Durinir the past three 
years we have imule clinical and sound registration sludic.s in t>d cast's ot 
mitral stenosis. Some ol the ease.s have been lollowed tlironehoni most 
of this time, others for shorter periods. The apparatus which has been 
u.sed for m'ovdiuir sovnul iiiehides a tltret'-staije iraii.si'ormer ei)U])ied 
amplifier,® the AVc.stcru hlleetrie trimsmitter iiud output reeeiver. In 
the early part of the work, the optieal apparatus lievised by Wiuucrs 
w'as used.i Because of the litiiilalious of the Wijij.o'V.s ajiparntus in re- 
cordin': hitrli-pitched sounds and its impi'rfecl dampin'^ tinnlity. at 
least so far as our aliility to use if is c(»uc<‘rned. it was regarded as un- 
suitable to record the snap satisfaetorily ami to display its time relation- 
ships, Consequently the rubber cciueni tuembrane and relh'cliuti mirror 
w’crc attached over the outlet of the output reeeiver, miikiup jm.ssihle the 
use of a smaller memhnme with a hinder vibration frequouey and quicker 
damping. With this modiiicatiou4 "’Inch eliminates one jiart iif the ap- 
paratus and therefore one jiossibilily for distortion of .sound, the snap is 
easily recorded and beoaii.sc the .sounds are quiekly damped ilu*ir time 
lelationships arc cdoaiiy disjilayod. aves ol low tTe(|uencv arc not 
recorded with as great amplitude as with the ^Yiggers device, or with 
the electrocardiograpliic .string, but for our iire.sent jnirposes this is 
unimportant. 

'THE FREQUENCY OF THE Ol'ENlNG SNAF AND IT.S CIIARAiri’EtUS'l'lCS 

Ihe sound is audible in the majority of ea.se.s of mitral stenosis ^Vc 
w^We to olidt it. Iiotli by iiii».,iill,ilioii iiml by souii.l regi.,! ration 

was oonsii;ucted^for‘sK‘'|,y ]I[-“f"aaoiych^Hes w '“'ii''' -"'imla. It 

trical Engineering, University of Fonnsylvanla ' ^ Seluml of HK-e- 

Th « ll,,.. 

a separate pubMcaUou”^ ntetUoa win be rte.Kcrlburt by one of ua (AlarRmies) in 
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methods, in 19 of 34 consecutive cases in which i • 

*og„o.ei Its oecurrcnee does not seem to .,e mattL«; tfl “red W 
t e presence or absence of associated Jesions. Gallavardin* Med 

uucliosal also failed to find it m two such cases. These anthers, there- 
fore, state that aortic regurgitation prevents the occurrence of the snap 

lespect to the mechanism of production of the snap. As a matter of 



Fig. 1. — The relation of the position of maximum audibility of the opening 
snap to the basal diameter and the left border of the heart. (See text for de- 
scription of method.) The large dot represents this position in the patient from 
•n'hom the orthodiagram was made. The small circles represent this relationship 
in fifteen other cases. The drawing does not take into account the differences 
in size, shape and position of the heart in these fifteen cases. For example, the 
lowest circle was taken from the orthodiagram of a patient with a very large 
heart in whom the snap was not so close to the apex as its position in this drawing 
would suggest. The point of maximum audibility is never basal or apical. 


fact, the oecuiTenee of the snap is not prevented by the presence of aortic 
regurgitation. We have studied 4 cases with both mitral stenosis and 
aortic regui'gitation in which the snap could be heard and recorded. 

QnaUty and Intensity. The sound is alwaj’-s short, and usually high- 
pitched, having a snapping or clicking quality. Its intensity varies. It 
is frequently loud enough to be audible over the entire precordium. 
Sometimes it is less distinct and is heard over a limited area only. 

Area of Maxinmm Audibility. The area over which the sound is heard 
best is usually located in the fourth interspace, just inside the left border 
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olftollCArt, 

in M easos. ^1-0 f " 

^ :r 

piece ol lead ocer it. Its relation to the cardtao s tadmv tvas t hen deW- 
mined hy fluoroscopy. The latter ivas lonnd to be Irom l.o ' ' 

inside tlie left bordev a^id \isnally fvom 0.5 cm. Jibove to 2.o cm. bel 

the so-called basal diameter.'^- 

The area over ivhich the snap is heard best is slightly above and to the 
vivht ot the area over which the characteristic diastolic murmur ol mitral 
stenosis is usually most clearly audible. This auscultatory finding is 
supported by a comparison of the relative amphtndes of the vibrations 
in sound tracings taken over these two areas (Fig. 2 A and B). 

Transmission. The opening snap does not seem to he transmitted in 
any particular direction, hnt if it is loud enough to be heard at a distance, 
it is sometimes more distinct over the aortic than over tlie ]nilmonic area. 

Time Relation to the Second Heart Sound. In our ca.ses the snap 
usually occurred 0.06 to 0.11 second after the beginning of tlic second 
sound. The shortest interval recorded was 0.03 second (after ac- 


Table I 


Effect of Change of Cardiac Rate on Dui!.\tion of Second Sound — 
Opening Snap Interval 


CASE 

INTERV/aE BETIYEEN BEGINNING 

OF SECOND SOUND AND OPEN- 
ING SNAP, IN SECONDS 

DUIhVTION OF PRECEDING HE-ART 
CYCDE, IN SECONDS 

Case 1 

0.04 

0.62 

Sate accelerated b.v 

0.06 

0.G7 

atnyl mtrite. 

0.07 

0,76 


0.07 

0.79 

Representative meas 

O.OS 

0.80 

urements during re- 

O.OS 

0.83 

covery stage. 

1 O.OS 

0.85 


0.09 

0.87 


0.09 

0.90 

] 

0.09 

0.95 


0.09 

0.97 

Case 2 

0.08 

0 78 

3/14/30 

0.08 

0.80 


0.09 

O.SS 

b/3-L/i^O 

0.10 

0.92 


0.10 

0.96 


0.10 

0.96 


Sfm^on'thl left bo%er‘'beVe'eTthe'?rvn 

the left ventricle, “eiaei oeuveen the left auricular appendage 
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Fij?. 2. — Upper tracing (A) recorded in third interspace shows a loud snap (DS) and Insignificant diastolic and presystolic niur- 
mur (DM). The efCect of sinus arrhythmia on the time relationship of the snap to the second sound is shown by comparison of the first 
two and the last two heats. The lower tracing (J3) recorded in the fourth interspace shows the snap (DS) to be insignificant but the 
murmur prominent. The gaps between the second sound and the snap, and between the snap and the beginning of the typical murmur 
of well-developed mitral stenosis are clearly shown. 
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celeratiiig tli6 liaart action by means of amyl nitrite) . Tlie longest was 
0.19 second (after a very long preceding heart cycle in a case of auricular 
fibrillation with a widely split second sound). Short intervals arc il- 
lustrated in Fig. 3 A and B, and long intervals in Figs. 4 and 7. 

Cardiac rate appears to be a factor which affects the duration of the 
interval. This is evidenced by tlie fact tliat in a given individual if 
sound tracings are obtained showing substantial differences in cardiac 
rate, differences are found in the duration of the interval between the 


Table II 

Dtjkatiok of Second Sound — Off.nino Snap Intervals in Patients With 

Sinus EnYTinr 


cases 

interval between beginning 

OP second sound and open- 
ing SNAP, IN seconds 

DURATION OF PRECEDING HEART 
CYCLE, IN SECONDS 

Case 1. C. D. 

0.06 

0..'j4 


0.06 

0.53 

1 


0.5S 

Case 2. G. S. 


0.66 



0.61 

Case 3. S. H. 

0.06 

0.76 


0.06 

0.76 

Case 4. S. S. 

0.10 

0.78 

i 

0.10 

0.78 


0.09 

0.77 


0.10 

0.76 

Case 5. S. G. 


0.83 



0.81 



. 0.S3 

Case G. D. P. 

0.09 i 

0.95 


0.10 

0.98 

Case 7. E. M. * 

0.08 

1.04 


0.07 

' 0.95 


0.07 

1.00 

Case 8. J, w. 

0.08 

0.90 



0.96 



1.00 



1.08 

Case 9. T. E. 

0.06 

0.07 

0.06 

0.08 

0.07 

0.08 

0.08 

0.08 

0.08 

0.93 

0.99 

1.00 

1.00 

1.03 

1.10 

1.14 

1.17 

1.22 


















Fig. 3. — Mitral stenosis, opening snap. The effect chan g heart cycle 

on the interval between the second sound and (-he cycle length 

length of 0.62 second shown in A was produced by aiSyl nitrite), 

of 0.68 second in B by excitement (being told she recovery from amyl 

the cycle length of 0.78 second in C 

nitrite, and the cycle length of 0.87 second shown in I> time re- 
patient was told that she was to receive amyl nitrite. Tr^^^ nitrite, 

lationships similar to those of JD were obtained ^ snan^var%d from 0.04 to 

The interval between the second sound and the opening* snap 
0.09 second becoming* long-er as the rate slowed. 
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] 3 e«-miiing of the second sound and tlie snap. The chanps tend 

ah..c«on.. as the leugth ot tl.e ca.-diac eyeic .ncvcases. the 

dnrationof the interval increases (Table I and Fig. o), i- 

The above statements apply only to the variations observed in i - 
dividnals. When the time relations in a series of eases ^ 

no satisfactory correlation was observed between cardiac rate and the 
interval (Table II) except that all cases with rapid rate exhibited a 

short interval. . 

It is obvions, therefore, that other factors besides cardiac rate must be 

of importance in determining the time relationship of the .snap to the 
second sound. The evaluation of such factors would be difficult. It is 
well knovm that the position of the second heart sound is determined bi 
intraventricular and arterial pressure relationships. When intraven- 
tricular pressure falls below arterial pressure, the semilunar valves close 
and produce the second sound. As a rule the second sound occurs ap- 
proximately at the end of the T-wave of the electrocardiogram, although 
it may come before or slightly after this event. If the snap is produced 
by the attempt of the stenosed mitral valve to open, as was suggested by 
Guttman, Sansom and Kouehes, its time with respect to early ventricular 


diastole must be determined by the instant that left intravcnlriculnr 
pressure falls below left intra-auricular pressure. Thus since it is prob- 
able that the time ineidence of both sounds depends on pressure rehition- 
ships, in the one case of the ventricles and great vessels and in the other 
of the left auricle and left ventricle, it would seem that variation of the 
interval is possible under diverse circumstances. 

The opening snap is heard in eases of auricular hbrillation quite as 
well as when the auricles are beating normally. In most eases of fibrilla- 
tion there are changes in the time relation of tlie snap to the second sound 
from heat to beat which seem to depend on the duration of the preceding 
heart cycle (Fig. 4 and Table III). Variations of intervals are also 
found in association with other forms of irregularity of rliytlim such as 
sinus arrhythmia (Fig. 2 A and Table II, Cases 8 and 9). After a short 
preceding heart cycle, the snap usually falls nearer the second sound. 
After a long period it usually falls later, and the interval separating it 
from the second sound is correspondingly greater.* These differences 
may be as great as 0.05 second. Very slight variations of the interval 
may also occur during regular rhythm, depending on the phase of 
respiration. 


process than usual to be accomplished share ol the relaxation 

in comparatively prematSr^Sf letween relationship 

delay in the snap is shotvn in Fig! 5 and xlibll closure and 

that, m general, the intei’vals tend to be interest 

present than when the rhythm is normal ‘luncular nbrillation is 

explanation. * normal. For this phenomenon, we have no 
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Table HI 

CoMPARisoK IN Auricular Fibrillation Between Heart Cycle Length ard 
Duration of Second Sound — Opening Snap Intervals 


• case 

Case 1. 


duration of preceding heart 

CYCLE, IN SECONDS 


A. F. 0.08 0.51 

0.09 0.53 

0.10 0.76 

0.10 0.78 

0.11 0.89 

0.11 0.98 


interval between beginning 

OF SECOND SOUND AND OPEN- 
ING SNAP, IN SECONDS 


0.12 1.32 
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TahioE III — Continued 


CASE 


Case 6. M. T. 


SloTver rate 


INTERVAL BETWEEN BEGINNING 
OF SECOND SOUND AND OPEN- 
ING SNAP, IN SECONDS 


0.07 

0.08 

0.08 

0.08 

0.09 

0.08 

0.09 

0.09 

0.09 

0.10 

0.09 

0.11 


Case 7. E. M. 


0.09 

0.09 

0.09 

0.10 

0.10 

0.10 

0.11 

0.10 

0.10 

0.10 


DURATION OF PRECEDING HEART 
CVCLE, IN SECONDS 


0.48 

0.G6 

0.71 

0.74 

0.77 

0.78 

0.82 

0.8.5 

0.93 

0.95 

1.31 

1.4G 

0. 74 
1.02 
I.IS 
1.31 

1.34 

1.35 

1. CO 
1.G9 
1.78 
1.80 


0.10 

0.10 

0.11 

0.10 

0.09 

0.09 

0.10 

0.10 

0.11 


0.49 

0.53 

0.54 

0.C2 

0.75 

0.79 

0.86 

0.88 

I.IG 


and Rouches,” flio s „p T""' *0 both Gutt- 

of mitral atenosk aIIZTJ'" r™”"® 
by auscultation, sound records somet sf " "btaincd 

beginning of the murmur by an anm-e i T '' ‘be 

me- 2 B). This can occasLalh f u , bUerval 

Tbo “ Auscultate, y aiiscultation. 

winch fail to show the snap, it k ^‘«'oais 

aSp described by Lewis, “ and Wilson i w- *bc auscultatory 

between the second sound ami tl » 'Vishart,-* i.e., the intei-va^ 

which is clearly perceptible to the rafT'”'® "raniiur. This gap 
nostie sign of mitral stenosis Tt ’ "”'S''lerabIe value as a diae 
djastolie murmur arisinT V ^ cWfereiitktSt 

va,ves.“ The of tS 

e.iozmer is separated from the 
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second sound by this gap.'^' The murnim. nf 

regurgdation is continuous ivith the second sound, unless d^andreTents 

, f OM case with aortic reguroi- 

atjon and hniidle-bronch Mock it was possiMe to detect on auscultation 
and to demonstrate by means of sound tracings a gap between the second 
sound and the aortic diastolic murmur. 


rariatio7v in the Sound Intensity of the Soiap. The soimd intensity of 
the snap may vary from time to time in a given individual, a fact first 
pointed out by Kouehes.® In one of our patients, for example, the sound 
was not heard when she , wits sitting quietly (heart rate 70 beats per 
minute) . After she had walked up and down the room several times it 
became distinctly audible, though not loud (heart rate 84 beats per 
minute). When the rate was still further increased (100 beats per 
minute), the snap became quite loud. It then decreased in intensity 
and finally disappeared as the heart rate declined. As a rule, the sound 
is more distinct when tiie patient is in the recumbent position. The 
reason for these differences is not known; possibly they depend on the 
level of intra-auricular pressure at the beginning of ventricular diastole. 


and the speed of ventricular relaxation. 

Relation to Reduplicated Second Sounds. Kouches® was apparently 
the first to observe that the cluquement and splitting of the second sound 
both may be present in the same heart cycle. Despite the fact that this 
is a common finding, readily confirmed by means of sound tracings, other 
writers do not mention it. Wlieu splitting of the second soimd and the 
opening snap occur in the same heart cycle, it is of interest to note the 
time relations of the two components of the second sound to the opening 
snap. This can be studied under a variety of circumstances. Among 
cases ivith normal intraventricular conduction showing respiratory phasic 
splitting of the second sound, in which the doubling tends to occur during 
the inspiratory phase of the respiratory cycle, the snap maintained its 
time relationship with the first component of the split sound. t 


*W''ilson and Wisharm state that the diastolic murmur of mitral stenosis is 
sometimes continuous •with the second heart sound. We have never observed it. 
According' to ■what is known of cardiodynamics, it would scarcely seem possible 
for a mitral diastolic murmur to be continuous with the aortic second sound, xi, 
however, the second sound were widely split and pulmonic closure followed aortic 
closure, it Is possible that the murmur might be continuous with the puimomc 
component of the second sound. When reduplication of the second ,1, 

opening snap and a mitral diastolic murmur are all present, it 
to hear and record three short sounds followed hy a murmur. The 
between these sounds and the murmur are very short, so that registering p- 
paratus without adequate damping records them as continuous vibmuon.. 
sembling those obtained from murmurs. This point is iHustrated in ^ig. - 
A, the three sounds recorded hy means of the electrocardmgraiihic strmg are not 
clearly separated and give the impression of a continuous sound. ln,.K, m wmou 
damping is more adequate, the sounds are clearly separated. 

■iKatzK’ has found in experimental cardiodynamic studies that mere is 
quenHy appreciable asynchronism in the duration of ^'e^^ricular systole on the 
tivo sides. Such asynchronism might be expected to cause 

casionally be reversed. 
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tnoular extrasystoles. In Strip 1-/1 the ex^rasvst sound In vcn- 

duphcated, and tlie snap maIntalnVit%^tlm^ sound (2) Is ro- 

In Strip l-B, the extrasystole Is more premaliiry Vi' * -second component, 
the second sound drops out. The snap’^nrcVnnAi nl’ O'o .second component of 
of the second sound (2) recorded since ihrv ic|nted to the coniponeut 

was recorded from the same case as ?Stri 1 nterval l.s too proat. Strip 2 
of the extrasystolic complexes In I oni t’ included to show the shape 
obtained from another patient in whom eicctrocnrdiopram. Strip 3 was 

differed materially from those"of \"he'Sca''se^ 'oxtrasj'stoUc complexes 

of •'^nap was InvaHnhiv r was downward 

of the split second sound. ln^anab!y related to the tlrst component 


mLTerfdownwd conskteraMj- i„ shape tafte 

.ep ^.hi; ::i :sr t r 

also tend to be split ^he first sounSf 

'v,iiuicuiai extrasystolcs 
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mnent and in the other case to the second component o£ the split second 
Tnud in the extras, .stolie heats (Fig. 6). We have stnd.ed one case tn 
Avhich a Tariety of aberrant ventricular complexes was i eeoided (i ^ 
Four different types exhibited splitting of the second sound. n mo 
types the snap maintained a constant relation to the first component 
of tlie second sound and in tlie other two types to the second com])onent. 
One of these types of beats fulfilled the electrocardiographic criteria of 
bundle-branch block (Fig. 7, beats 1 and 6). According to the views of 
Wilson and his associates^' the block was left-sided since the main QRS 
deflection was upward in Lead I and domiward in Lead III. In all 
beats of this type in which splitting of the second sound was recorded, 
the snap invariably maintained a significant time rolationshiji to the 
second component of the split sound.® 



Fig. 8. ^^litral steno.sls and opening snap. Sound tracing (recorded vita 
electrocardiographic string) and optically recorded jugular phlehogram. The 
snap (3) and the summit o£ the A^-vave are practlc.ally .simultanoous. 

Relation to Jugular Pulse. The comparison of the time relations of the 
opening snap and the jugular pulse, recorded without parallax, was made 
in eight cases. These tracings show that the opening snap occurs ap- 
proximately synclironously witli the summit of the V-wavc (Fig. 8), 
proAuded the second sound is not reduplicated. 

The summit of the V-wave is supposed to mark tlie end of the isometric 
relaxation phase and the beginning of right ventricular filliim This 
relationship held as constantly in the cases with auricular fibriiration as 

time 

mtenal between tie begmning of the second sound and the snap varied 
^eat to beat. When this occurred the interval between the see»d 

however, that the evidenerprLente^ Publication. It might bT said 

associates with respect to the the views of Wilson and 

-ssmmmmrnm 
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sound and the V-wave showed tiie same variation. In two eases studied 
by tins method, a phasic respiratory incidence of splitting of the second 
sound was present. In both these cases, when the second sound was 
smgle, the time of the snap and tlie summit of the V-wave coincided. 
This result was the same as that obtained in the other six cases. When 



Pig. 9. — Mitral stenosis, auricular fibrillation, phasic (respiratory) reduplica- 
tion of the second sound, opening snap. In -4, the time relations of the jugular 
pulse and sounds recorded by means of the electrocardiographic string are com- 
pared. In the first and third beats, in -which the second sound is single, tne 
snap falls at the summit of the V-wave. In the second beat, there is reduplica- 
tion of the second sound. (Due to the poor sensitivity and damping quaiitie 
of the string, the two elements of the reduplicated second sound and 
snap resemble a murmur.) Note how far the summit of the V-wave in this oe 
lags behind the snap. The time interval between the second 

second sound and the V-wave is practically identical with the ® . 

the single second sounds of the first and third heats and the summit ot tne r 

spective A^-waves. This indicates that the second component of 

sound is due to pulmonic closure. The sound tracing in B was ^ ° _pnt 

same position (fourth left interspace) by rneans of 

membrane sensitive to waves of high frequency and with 

■VV'’ben reduplication of the second sound is present, the three sounds in r p 
succession are clearly recorded. 


the second sound was split, however, pulmonic closure lagging aftei 
aortic, the snap tended to precede the summit of the V-wave (Fig. 9). 

It would appear, therefore, that reduplication of the second sound 
tends to he accompanied by a similar degree of asjmchronism between 
the summit of the V-wave,' which is a right-sided phenomenon, and the 
opening snap, which is left-sided in origin. 
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■ , „/ T.H Venirmdar Border. The relation of 
tl^sLCto excmSorot the left 

Te'lft^-nSrwt" “Simtoteons elccteocardiograms and 
sound tracings were also taken in the sa.ne individuals, w.,1. care to ar onl 



Fig. 10. — Roentgen kymograms of the left ventricle in three cases of initral 
stenosis with opening snap. The dark shadow is produced hy Uie heart. 
tracing should lie read from above downward. The letter P identiuos the position 
of the beginning of the P-wave of the electrocardiogram, Q the beginning of the 
QRS complex, and T the end of the T-wave in Read I. The position of the opening 
snap (X) as calculated for A and J5 falls just at the point of angulation which 
apparently marks the end of the period of passive rotation. The gradual outwirrd 
movement following this point must be due to ventricular filling. In C, a case of 
auricular fibrillation, the opening snap (DS) does not come at the point of angu- 
lation in the curve but follows it. Note that the slow outward movement of 
the ventricle does not begin until after the time of the snap. The position of 
the snap was calculated from measurements of its time relations to the T-wave 
of the electrocardiogram in beats with approximately the same preceding heart 
cycle length. In such beats the variation in the time interval between the end 
of the T-wave and the beginning of the snap does not tend to exceed 0.01 second. 


parallax. By a comparison of these two records it ivas possible, if the 
rate remained fairly constant, to identify fairly accurately the point on 
the roentgen kymogram at which the opening snap occurred and thereby 
to relate it to a certain point in the excursion of the left ventricular 
border. 

It will be seen in Fig. 10 that there is a point of angulation in the early 
diastolic part of the left ventricular curve. The sharp outward thrust 


wid7over°the^nart"n?'?fr"’®..'''®'’l™^^® placing a horizontal slit 1.5 mm. 
Tho j cardiac border whose movement was to be recorded 

i^oved past this point in. a motoi' di'iven casette holder at a oonstnnt 

im hoiilt°a?'m"°''" ‘-T^ntgen ray photographic record made By this S 
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of tlie left ventricle which just precedes this point, begins too early to be 
caused by diastolic filling. It is due to rotation of the heart in the 
process of relaxation, after having been actively rotated in the opposite 
direction during systole. Following this point of sharp angulation the 
outward movement of the heart border is much more gradual. This 
gradual outward movement is due to ventricular filling. The position of 
the opening snaxi was approximately at this point of angulation in the 
roentgen kymogxams in four of the six cases studied by this method 
(Fig.^lO A and B). In one case, however, the snap occurred before the 
movement of rotation was completed, and in another case it did not occur 
until an appreciable interval after rotation was completed and the ven-; 






.jif- 


excursion small. In this case, aniy 

. 1 in Thus while it may 

tricular wall was practically completion of passive 

be said that the snap falls at about the relationship to 

rotation of the ventricles it does no ea end of 

the process of rotation, since it may eithei pieceae 

rotation. _ Auricular Border. Koentgeii kymo- 

Relation to Excursion of in a number of eases 

gx-ams o£ the left auricle were also atrf m^a 

exhibiting a well-deflned opening ^ „eed not be dis- 

procedure presents certain technica least 

cussed here. The most satisfactoiy px ^ contraction 

in part, “ ft the electrocardiogram. Satisfactory 

corresponding to the 
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CDI-YCS have Urns fav been obtuininl in kovcmi eases of mitral stenosis,^ in 
two normal controls ami in t\Yo controls Yvitb mitral veguvptatiou. 

It was thouglit that if tlic snap is (Inc to smldeii cnriailment oi the 
opening movement of the stenotic mitral valve, one .shonld lind in tln^ 
movement of the left anricnlar wall a .slight inward thrn.st just preceding 
the snap (duo to the opening movement of the valve) and jfoss-ibly also 
an outward thrust just after the snap (dne to a relieeted wave )>rodueed 
by snclden curtailment of vnlvo movement). In live oi the seven eases 
this prediction was fulfilled completely (I'^ig. H). In the other two 
cases, however, no well-defined movement of the anrienlar wall in early 




Fig. 12. — jntra.1 sloaopis, oponlttg .snaj), .•lurloiiJar intrllldt Ion. in> rt)oc;irtU<f 
gram and opticaUy rocordad apt'x cardlogrinn. Tltf luodllon of Uk- map on tn.- 
apex cardiogram is calculated fioni aitnilar cycle.! t»t ;t eotitnl tr.u liur recorded 
T.* X 1)**^ electrocardiogram. TIic ariaji precede.'; tlic Iteginnlni: of tin- proto- 
dlastoUc wave fI*V> ) of tlte tipcx (mrdlogram, J>y .'tpproxlmateiv ri.dl ria'oinl. Tlil.s 
wave is usually iiisignlficaiii vvlicn mitral .•itcnosls Is pr.tieiit’ 

diastole could he detected on the films. Possibly the laihu'p in these two 
cases nas due to marked dilatation of the hut auricle and to high detrrec 
of .stenosis, hofli oi wliieli wouhl tend to minimi'/, e excursion of the 

auricular border. In none of the nornnii controls was the slinhl inwardlv 
projecting niche seen. 

Rclafmi io Apex Cardmirams. Optictdly recorded tipex eardiograiiis 
in mitral .stenosis nsiially show eitlicr an insignifiejint ])rolodinslo!ie wave 
or none at all. Wlien apo.x eardiogram.s jind (he sounds are recorded 
nithout parallax, the ojiening .snap usually precede.s Die heginnin- of the 
piotodia^ohc wave if one is pre.sent, by approximalelv 0.02 U, 0 ()-! 
second Pig. 12). Tins is m contrast to (he volatioiishiii in protodiastolic 
gal op ,1,0 phy.,i„lo.n,,,l ,l,i„l I,,,,,! .„„„d ip 

iX;rirar’'"” 


a'lixOilAMfiM OF FUDDIjCTION 

™a™,' Hopew 

thriruHcular of nutra, 
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appam.tly occurs only in the presence of mitral 
stenosis (2 It is heard best over the body of the heart or at the apex 
{■) It is a shoit sharp sound such as might be, expected from a valvular 
a ler than a muscular event. (4) It apparently marks the beginning 

of the diastolic murmur. (5) It is not part of a reduplicated basa! 
second sound. 


Ouv observations indicate that the above statements require two modi- 
fications. The snap does not clearly mark the beginning of the diastolic 
murmur but tends to precede it by a short, although appreciable, 
interval. The point of maximum loudness of the snap is not at the apex, 
as was taught by both Guttman and Sansom and accepted since their 
time, but is slightly above and to the right of the position at which the 
murmur is best heard. These modifications do not weaken, but on the 
contrary rather strengthen the contention that the snap is produced by 
the opening of the stenosed mitral valve. Nevertheless such evidence 


can scarcely be regarded as conclusive, and it therefore seemed advisable 
to subject the hypothesis to further test for which the data described 
above were accumulated. 


The following statements may be made regarding the mechanism of 
production of the sound: 

1. Auricular beating is not concerned in the production of the snap. 
The sound is frequently present during auricular fibrillation. Moreover, 
when the auricles are beating coordinately, the snap occurs independently 
of auricular beats. 


2. The snap is not due to reduplication of the second sound. It can be 
demonstrated by means of sound ti'acings that if the second sound be- 
comes reduplicated, the snap tends to maintain its characteristic time 
relationship with one of the two components of the reduplicated sound. 
As has been pointed out above, there are certain circumstances under 
wdiich the relationship is maintained with the first component and other 
circumstances under which it is maintained with the second component. 
Thus reduplication of the second sound and the opening snap should 
not be confused with each other. 

3. Ventricular filling cannot be responsible for the production of the 
snap. In cases of fairlj'- well-adAmnced mitral stenosis, the beginning of 
the murmur as registered in sound tracings tends to be marked by rela- 
tively large vibrations. The snap may precede these Adbrations by as 
much as 0.04 second. Thus the snap comes before blood flow of sig- 
nificant amount from auricles to ventricles. Furthermore the nature of 
the Amlvular lesion tends to prevent precipitous ventricular filling. This 
is indicated by the fact that protodiastolic waA'-es of the apex cardiogram 
are usually either insignificant or absent in mitral stenosis. These Avaves 
are practically sjniehronous with the beginning of the diastolic murmur. 
Moreover, if the snap were the result of Amntricular filling, it should be 



„A.GOUES AED AVOGEEUT., : OVEK.XO SNAP .N ^HTRA,, STENOEB JCS 

pvosmt m Eomnl rases svilli mitral valves caiaiWe et opening videl.v, 

witli no hindrance to ventricnlar hlling. 

4 Neither relaxation of the ventricles nor passive votntwn to a vo.sUug 
position is responsible for the snap. The Imulness and sharinioss o the 
sound, as well as the i)osilion over wlueh it i.s best heard, rendci s\u.h a 
explanation of its mechanism improbable. Furtlierniore, d this were t ie 
canse of the sonnd, it should be present in other hearts whose ventricles 
pulsate vigorously, such as are found in the presence of liyperthyroidism. 
The roentgen kyinograms, however, show that, in some eases, the snaj) 
may occur either before or after passive rotation has been eoinpleted. 
This mechanism may, tliercfore, be excluded ns a factor in the ]iroduetion 
of the sound. 

5. The above-mentioned eardiodynamie factors having been excluded 
as responsible for the production of the sna]>, tlic problem aiiparently 
narrows itself to a consideration of the opening movement of the .stenosed 
mitral valve. First of all, it is necessary to determine, as nearly as 
possible, whether this event oceuv.s at the same instant as the sna)), 
TJiere are at least two methods by which evidence may bo obtained on 
this point : (a) comparison of time relation of the .snap to the de.sccnding 
limb of the .iuguiar Y-wave and (b) coinpari.son with the movements of 
the left auricular border. 


(a) According to Wiggcr.s-'' the end of the isometric relaxation ])ha.sx‘ 
is marked by a drop in the venous pulse. Tliis drop in venous juilse must 
be due to opening of the tricuspid valve pcrmilling blood How from the 
right auricle and veins into the riglit ventricle. If tlio.se events occur 
sjniclu’onously on the two sides of the heart, the beginning of the fall of 
venous pressure in the jUo^dar phlobogram (descent of the Y-wnve) 
should mark the ojiening of the mitral valve as well as the tricuspid. 
Faetoi's that influence one should have an eiiual cn’cet on the other. If. 
therefore, the snap is due to sudden limitation of tlic opening movement 
of the mitral valve, it .should occur at practically the sumo instant as the 
beginning of the descent of the V-wave, unless asynchronism of dynamic 
events in tlie tivo ventricular chamhevs is present. 

The results of our .studies in ciglit. eases clearly demonstrate these 
time relations between the beginning of the descent, of the Y-Avave and 
the snap. It is equally significant, that these two events arc practically 
simultaneous Avhen the second sound is single (and dynamic tihonomena 
on the two sides of the heart practically synchronous) and that, they arc 
not simultaneous when the second sound is .split. These facts indicate 
that the snap is related to opening of llie mitral (but not the tricuspid) 


(b) The results obtained by left auricular roentgen kymooranhv have 
a bravmg „„ mecKanism o£ ll.c snap. The pLon „ in „ 

seven oases of a distinct inward thrust in the curve of loft aL^dai 
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movement, which ends at the instant the snap occurs and is followed by 
a short outward movement indicates that the process of auricular 
emptjdng is temporarily interrupted at the very beginning of the process. 
In the two cases that this phenomenon could not be recognized the left 
auricles were very large, so that little movement of the wall occurred at 
anj time. In the two normal cases and also in the two eases of mitral 
1 egui gitation without stenosis, in all of which the excursions of the left 
auricle were fairly wdde, this peculiar niche in the curve was absent. It 
is clear from these data that the snap occurs as the auricle makes its first 
attempt to emjity and that in cases in which the snap is present, there 
tends to be a temporary interruption of the emptying process im- 
mediately after the snap. The outward movement of the auricular wall 
following tlie inward movement could be caused by (1) a reflected wave 
from the mitral valve wdiose opening movement was suddenly curtailed ; 
(2) inflow of blood from the pulmonary veins, auricular emptying 
having been temporarily retarded; or (3) a combination of these two 
factors. In any event the snap is identified in time with the sudden cur- 
tailment in the opening movement of the mitral valve. 

Thus all the evidence we have been able to collect is consistent wnth 
the hypothesis that the snap is due to sudden curtailment of the opening 
movement of the mitral valve. 

At this point the hypothesis proposed by Gallavardin,® that the sound 
is due to a “shock- like” wave tz’ansmitted from the aortic to the mitral 
valve must be considered, particularly since it has been supported 
recently hy Bfozer and Ducliosal.^® Two objections to this hj^pothesis 
should suffice: (1) Even if it were conceivable that a wave could travel 
so slowly from the aortic to the mitral valve as to produce a sound after 
0.06 to 0.15 second, it would not be possible for such a slowly advancing 
wave to be responsible for the production of a sharp sound. (2) The 
fact that the summit of the V-wave and the snap occur simultaneously 
(when the second sound is single) even in cases of arrhythmia in which 
the time intervals after the second sound may vary considerably from 
beat to beat, eliminates GaUavardin’s hypothesis. The hypothetical 
“shock-lilre” wave could not be expected to vary its speed from the aortic 
to the mitral valve in correspondence with variation in the interval 
between the second sound and the summit of the V.^ave, since the time 
of the latter is determined by the beginning of right ventricular filling, 
whereas the former wmuld have to depend on aortic closure. 

In justice to Gallavardin, it should be stated that at the time his 
hjT^othesis was proposed, he assumed that the mitral valve opened im- 
mediately after aortic closure. The development of physiological Imowl- 
edge regarding the time intervals between semilunar valve closure and 
A-V valve opening (the so-called isometric relaxation phase) has made 
his hypothesis untenable. 
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The evidence in favor of the view that, the snap is produced hy slid- 
J li JtS. of the opening .novemcul of the otenosec ontfol valve p,oy 
he snmiuarixecl as follotvs: (1) The ootuul appavciUly ocems on j 
the presence of mitral stenosis. (2) It is the type o sound vh, cl in gl t 

he expected from suMcnvihrntioiioC a valve. (3) The posi ion 

it is best heard favors its production cither at the mitral yahe oi • 
vicinity. (4) It is entirely independent of auricular contracUon. (o) 
It precedes both the diastolic murmur and effective ventricular hlling. 
(G) It may be synchronous Nvith, iircccdc or iollow the comploiion o 
passive rotation of the ventricles. (7) It comes, as is shown by combined 
sound tracings and jugular phlcbograms and by auricular roentgen 
Ivjmiograms, at the instant when opening of the mitral valve is to be 
expected. (8) So far as is known, no other cardiac event capable of 
producing a sound is occurring at this instant. 

DIFFKRKN'TIAL DIAGNOSIS 

The chief reason why the opening snap has failed to win tor iisell. 
prominence as a diagnostic sign of mitral stenosis is due to the tact that 
it has nei’er been clearly enough differentiated from certain other sounds. 
The eoiifusiou wliich exists is cxeiniiliticd in a recent contribution by a 
distinguished investigator of rlieiunatic lieart disease,-’ who write.s that 
one of the signs of mitral stenosis is a doubling of the second sound at 
the apex. The writer apparently appreciates the diagnostic significance 
of this physical sign. The term is unfortunate, since, as lias been pointed 
out above, (1) doubling of tlic second sound is not ehnractcri.stie of 
mitral stenosis and (2) neither doubling of the second sound nor the 
opening snap is heard best at the apex. 

The sounds which must he considered in the differential diagnosis of 
the opening snap are: (a) reduplication of the second sound; (h) 
protodiastolic gallop sounds; (c) the pliysiologicnl third heart sound; 
and (d) mid.sj-stolic clicking sounds. The important differential point.s 
include: (1) character of the sounds; (2) areas over wGiich they are 
best heard; and (3) time relations.'^ 

The eliaracter of the sounds and the area of maximum audibility are 
best determined by auscultation and tlic time relations by sound registra- 
tion. It IS possible, however, to train the ear to detect remarkably small 
differences m short intervals. In our experience the trained observer 
learns to estimate from auscultation the duration of intervals up to 0.12 
second with an accuracy of approximately rb0.02 second. 

(a) Reduplicated second sounds are heard best either at the level of 

u!tTtl interspace, over the steriiiini or 

are always louder at the base than in 

acteristics ^ot ttie^'^various ^"extra" h 'a’hich certain important char- 

magnosis are given.== o£ value in the difCm-entiai 
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the area over which the opening snap is heard best. Localization is 
usually more readUy made in the ease of high-pitched, sharp sounds 
whose character resembles that of the snap. The time interval between 
the two sounds is usually shorter than in the case of the snap but occa- 
sionally does exceed 0.06 second. Under such circumstances, the time 
relation loses its value as a differential point. There is frequently 
marked phasic respiratory variation in the intervals between split sec- 
ond sounds. Phasic variation between the second sound and the snap in 
the absence of arrhytlimia is so slight as to be inappreciable on clinical 
examination. 

(b) The protodiastolic gallop and (c) physiological third heart 
sounds are so similar in their characteristics that they may be considered 
together in the differentiation from the snap. They are heard best, as a 
rule, in the neighborhood of the apex.^ They are low-pitched, dull 
sounds, thus differing strikingly in character from the opening snap. 
These sounds occur in a range of approximatelj' 0.12 to 0.20 second after 
the second sound, the length of the inteiwal depending to some extent 
on the cardiac rate.t If the influence of cardiac rate on the interval is 
taken into consideration, there are comparatively few eases in which this 
time relation loses its value as a differential point. 

(d) Clicking or snapping sounds sometimes occur during ventricular 
systole,-' coming between the first and second sounds. These sounds fre- 
quently resemble the opening snap and sometimes have a similar area of 
maximum audibility. They Avill not be confused, however, if the ex- 
aminer orients himself as to which is the first and which the second 
sound. 


CLIXICAIi EUPORTAXCE OF THE OPEXIXG SNAP 


The opening snap may be regarded as bamng a value for tbe diagnosis 
of mitral stenosis scarcely second to that of tbe cbaracteristie diastolic 
murmnr. In tbis respect it has two great advantages; (1) It is easily 
differentiated from all other sounds, and (2) it is clearly audible in 
many eases in wbieb tbe murmur is so insignificant as to be easilj' missed. 
It may, therefore, sai-e tbe examiner the embarrassment of failing to 
hear a significant mni’mnr. Furthermore, it is present in some eases in 
which the murmnr cannot be elicited. In every case of tbis type which 
we have observed, there were other signs pointing to the diagnosis of 
mitral stenosis. 

According to Roncbes, the sound is absent either in very early or in 
advanced mitral stenosis, in tbe former because the valves are not bound 
down enough to snap and in the latter because they have lost their 
mobility. We have not been able to make sufficient necropsy examina- 


*There is one exception to this statement. Kigrht-sidea gallop rhythm is 
usually heard best in the neighborhood of the lower part of the sternum. 
ttTnpublished observation. 
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tions of material atodicd clinieal.y to eonfinn or to ^ 

view In five cases, liowevcr, in whicli we failed to elicit tlic ^ e 
snap', the valves vere foaod to be greatly tbiekened and P-™ ; 

mobile. Another point tvhich might be regarded as in favoi of hontlie.. 
li^niotliesis is tlie fact that the snap is less frequently heard in >oiing 
children with mitral stenosis, than in adults. Whether this is hccanse 
valve crippling is usually less advanced in children is not luiown. 

The evidence, therefore, appears to indieate that the presence of the 
opening snap may be regarded as practically pathognomonic of initra 
stenosis. Its absence, however, is not to be construed as a point against 
the diagnosis. 




1. The opening snap {clnQucntoii (Vouvcviwc dc In witiidc') can be 
heard and recorded in more than half the cases of mitral stenosis. Tt 
has not been observed in the absence of mitral stenosis. It is one oi tlie 


most important diagnostic signs of this valvular lesion. 

2. The chief characteristics of the opening snaji arc the following: 
(a) The sound is a sharp snap or clieh. (h) It has been found to occur 
from 0.03 to 0.19 second after the beginning of the second sound, the 
ordinary range being 0.06 to 0.11 second, (e) It is usually loude.sl in 
the foiu’tli left interspace, occasionally in the third, slightly above and 
to the right of the area in which the diastolic murmur is bc.st hoard, 
(d) It precedes the onset of the murmur by a short interval, (c) It is 
usually best elicited with the patient in the recumbent ]>osition. (f) In 
some cases it can bo brought out bv exercise and bv increase of the 
cardiac rate, (g) It tends to be louder wben tbo rate is rapid. 

3. The intei'val betivcen the second heart sound and the opening snap 
is influeneed by the cardiac rate, tending to become shorter as the rate 
increases. Variations in the duration of this interval occur during 
auricular fibrillation and sinns arrhythmia depending on the length of 
the preceding heart cycle. 


4. The opening snap is easily ditferentinted from redniilieation of the 
second sound, protodiastolic gallop sound.s, the physiological tliird lieavt 
sound and systolic clicking sounds. 

5. The time relations of the opening snap, as observed from coinpai’i- 
sons of sound tracings with eleetroeardiogi'ams, apex cardiograms, .ingn- 
lar phlebograms, auricular and ventricular roentgen Icjnuogranis, ex- 
clude auricular contraction, ventricular rotation or filling, or .shock-like 
waves transmitted from the aortic to the mitral valve, as factors in its 
production. All the evidence thus far available is in accord with the 
lypothesis that the sound is produced by the sudden limitation of the 
opening movement of a steuosed mitral valve which occurs in early 

lastole as soon as the left ventricle relaxes sufficiently to permit, the 
, p essuie of the auricular blood column to become eifeetive. 
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THF FOEM OF PEEMATUEE BEATS EBSUETING FROM DI- 
RECT STIMULATION OF THE HUMAN VENTRICLES- 

H. M. Marvin, M.D., and A. Oughterson, 

New HA^^2N, Conn. 


TN 1930, Barker, Macleod and Alexander^ reported tlie first oliservations 
1 upon the form of electrocardiographic curves derived from artificial 
stimulation of known areas upon the exposed human ventricles. A large 
numher of points upon the epieardial surface of hoth ventricles were 
stimulated electrically, and the resulting deflections were recorded simul- 
taneously in the three customary leads of the electrocardiogi am. The 
curves were such as to lead these authors to conclude ; 

“(a) Ventricular premature contractions of right ventricular origin 
are represented in the electrocardiogram hy ventricular complexes in 
which the chief initial deflection is upward in Lead I. Ventricular pre- 
mature contractions of left ventricular origin are represented in the 
electrocardiogram by ventricular complexes in which the chief initial 
deflection is downward in Lead I. 

“ (b) The clinical electrocardiograms at present ascribed to block 
in the right branch of the His bundle indicate block in the left branch, 
and vice versa. 

"(c) In so-eallcd left ventricular preponderance the electrocardio- 
gram is dominated by right ventricular effects and vice versa.” 

The conclusions drawn from their observations are of such importance 
to physiology, and the subsequent work to which they have led is so far- 
reaching in its implications that it has seemed desirable they should not 
rest upon a single case. Clearly, the opportunities for similar observa- 
tions do not often present themselves, but we have recently been able to 
repeat the crucial part of their observation by inducing premature beats 
under direct observation from the two ventricles. It has seemed of some 
importance to place these upon record as confirmation of the valuable 
contribution of Barker and his collaborators, because observations upon 
a single patient, however precise and extensive they may be, are always 
subject to the criticism that the patient might have been exceptional in 
some important respect. 

The patient, a man of thirty-eight years, entered the hospital on 
May 27. He had suddenly developed, eight days previously, pain in the 
eft side of the anterior chest, fever, cough and sputum. He became 
steadily worse, and was gravely ill at the time of his admission to the 
liospital. The temperature was 103°, the pulse rate 130 and the respira- 
lons 30 per mmute. Physical examination revealed clear signs of fluid 
m the r ight pleural cavity, with considerable displacement of the heart 

Schools l&iSsfS'Z sss. 
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to tlie left. Tliere was also a widespread pericardial friction rub. A 
needle was inserted into the pleural cavity through the fourth right 
intercostal space anteriorly, and a considerable quantity of greenish- 
yellow pus withdrawn. A direct smear from this material showed lancet- 
shaped diplococci, and cultures yielded Type 3 pneumococci. 

The patient was immediately transferred to the Surgical Service and 
thoracostomj' was performed, a portion of two ribs being removed in 
the riglit anterior axillarj’- line, and suction drainage started. Despite 
fairlj^ satisfactory drainage of the empyema cavitj’-, the patient’s general 
condition did notjmprove. ' On June 6, exploratory puncture of the peri- 



Fig". 1. — Photograph of thorax showing’ location of the opening 
ventricles ■were stimulated. The approximate line of the costal margin is inoica 
ink lines. 

cardium revealed pus, and pericardiotomy was performed at once, with 
the removal of about 600 c.c. For the next few days he seemed slightly 
better, although the purulent discharge from the pericardium did not 
decrease, but after June 15 he grew steadily worse and died-on June 19 
It is of some importance to state that this man had been in the hospital 
two years previously because of acute lobar pneumonia. Physical 
examination and roentgenograms at that time revealed no evidence of 
heart disease. He had never suffered from dyspnea on ordinary exertion, 
from orthopnea, or edema of the lower extremities, and stated that he 


MAHYIK AXD OUGIITERSON : PORM OF PREMATURE BEATS 

, 1 foTPr ehovea, tonsilitis, scarlet fever or 

had Bcver had therefore, that his heart was 

diphtheria. It Careful 

normal at the hegnmingo disclose evidence of 

postmortem exaramation of the heart lantu 

disease of the myocardium or valves. 



^ recorded during stimulation of the right ventricle The 

von. but is largely lost in ^productk.n ^ premature beat measures 1.1 milU- 

On dime 13 the patient seemed sufficiently well to permit brief oh- 
scmatioiis, and with his consent these were made. The pericardium nms 
nripted until the returning fluid was almost entirely clear, and the sac 
framed as thoroughly as possible by means of suction. Tlie wound as 
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shown m Pig. 1 dimmishea m size as it penetrated the chest waU; it was 
ac nally fniiiiel-shaped. so that the area o( the heart’s surface exposed to 
diieet view was not large. It was veiy easy to stimulate the same pomt 
time after time without using landmarks other than the lower margin 
of the wound. A portable electrocardiograph Avas placed at the side of 
the patient’s bed, and the usual attachments were made to the arms and 
left leg. Numerous attempts were then made to elicit premature heats 
by mechanical stimulation of the surface of the ventricle (tapping, 
pinching, etc.) but these were fruitless. We then connected an ordinaiy 
type of stimulating electrode to the secondary cell of an inductorium, 
so arranged as to deliver single break shocks upon openiug a svuteh, and 
placed the points (separated by an interval of approximately 2 mm.) 
upon the surface of the heart. The strength of the current was not 



Fig. 3. — Post-mortem photograph of the heart in situ, witli the pericardium reflected. 
The ■srhite disc on tlie anterior surface lies upon the area actually stimulated : the ar- 
row points to the level at which tlie posterior electrode was applied, but tlie actual 
point of stimulation is not shown. 


actually measured ; it was sufficient to produce a musele-ttviteh when ap- 
plied to a motor pomt on the normal moist sldn. 

One of us kept the electrodes applied to the heart and signalled to the 
nurse when stimuli tvere desired ; the other tvatched the moA'cments of the 
string shadow upon the face of the camera and photographed the beats 
when it was clear that the contact Avas satisfactory. The leads were re- 
corded in sequence, not simultaneously. Numerous records Avere se- 
cured, of which only two are reproduced in Fig. 2A. It shoffid e 
emphasized that the electrodes were removed and reapplied many imes, 
the ectopic beats were precisely similar in all records. 

Two days later it was possible to repeat these procedmes; m ° ’ 
we had prepared electrodes to pass around the cm a e o t le 
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border and stimulate the posterior surface. In appeairmce, j eie 
not unlike the figure 5 ^vithout its top bar, or the lower half of the Icttei 
S. The extreme tip only was exposed, the remainder of^ the wire bemg 
covered in such a way as to permit its sterilization. With considerable 
difficulty this electrode was inserted through the wound and rotated in 
such a way as to bring its point against the posterior aspect of the heart 
a short distance above the apex. In this attempt, as in the earlier one, 
it was possible to be sure of the point of stimulation with considerable 
exactness, since adhesions had formed between the lower part of the 
pericardium and the heart, and the electrode was simply- placed as fai 
toward the apex as possible. The electrodes were withdrawn and re- 
inserted four times, and the ectopic beats resulting from each procedure 
were identical: They are shown in Fig. 2B: 

After death, the two areas used for stimulation were identified and 
marked through the same wound before the chest was opened. The an- 
terior wall of the thorax was then removed; markers were placed to 
indicate the points of stimulation, and a photograph was taken (Fig. 3). 
The white disc marks accurately the spot upon the right ventricular 
surface that was used ; the white arrow points merely to the approximate 
location of the stimulus on the left ventricle, as the electrode points were 
actually behind the heart. Long needles were then inserted deeply 
through these two spots, at right angles to the surface, and the heart was 
opened. The anterior needle was found to have entered the right 
ventricular cavity approximately 2 cm. from the interventricular septum 
and 3 cm. from the apex; the posterior one had entered the left ven- 
tricular cavity approximately 1.5 cm. from the septum and 4 cm. from 
the apex. These points apparently do not correspond accurately with 
any of those used by Barker and his coAvorkers; the one on the right 
ventricle lies between their points 6 and 9, Avhile that on the left ventricle 
is apparently a little nearer the base than their point 12, but not so high 
as their point 11; it lies betw'een their 8 aird 12 and slightly higher 
than either. However, it would be obviously almost impossible to^use 
points in exactly corresponding locations in tAAu consecutive human 
hearts, and it is quite sufficient for the purpose of this report to laiOAv 
that the stimulated points lay on the lower portions of the right and left 
ventricle respectively. The curves deriA^ed from stimulation of these 

areas are to be compared ivith those sIioaaui in Figs. 7 A , 7B , and 8 of their 
paper. 

thfvLlT "•ntractioiis induced by stimulation of 

fte ngbt ventnele in our patient are similar in all important respects 
with ftose registered by Barker. Maeleod and Alexandm- from stimula- 
0 the eorresponding area in tlieir patient (their points 6 and 81 

n;™ ariarr^r ^tiaiS^fng 
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The deflections resulting from stimulation of the left ventricle in our 
patient, however, differ from those obtained from the earlier-ease in one 
lespeet; we consistently obtained discordant curves, the exact reverse of 
those from the right ventricle ; that is, the chief initial deflections were 
doivnward in Lead I and upward in Lead III. In the first reported 
case, however, (1) concordant curves w^ere obtained from all points on 
the apical portion of the left ventricle, and curves similar to om-s from 
only one point (their point 1) higher toAvard the base. There are several 
possible explanations for this difference, but it is unnecessary to pursue 
the inquiry, since the important deductions seem clear. 

Stimulation of the right ventricle in our patient, as in theirs, jdelded 
discordant curves of AAdiieh the chief initial deflections Avere upivard in 
Lead I ; stimulation of the left A-entriele in both cases ;^ielded complexes 
of Avliieh the chief initial deflections Avere doAvnward in Lead I. The 
precise and extensive observations of Barker and his collaborators are 
confii’ined in their most important respect by these very limited observa- 
tions, and the conclusions draAAm from their curves are strengthened by 
the ones here published. 

SUMMART 

Prematiu’e contractions CA'oked by electrical stimulation of one spot 
upon the right A'entricle and one upon the left A'entricle of a partially 
exposed human heart haA'e been recorded in the three standard leads of 
the electrocardiogram. These were not taken simultanously, but 
consecutively. 

We are able to confirm the obsei’A-ations of Barker, ]\Iacleod and 
Alexander, who first shoAved that premature contractions derrted fiom 
stimulation of the right A'enti'icle haA'e the chief initial deflection upward 
in Lead I, Avhile those from stimulation of the left A'entricle hare the 

chief initial deflection doAvnward in Lead I. 

These records are published merely as confirmation of their work, 
which has hitherto rested upon cuiwes obtained from a single case. 
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TT'T-p'rTROCARDIOGEAPHIG CHANGES FOLLOWING LIGATION 

electrocarmogi^^^^^^^^^ arteries op tee D0G<^ 

Aklie R. Bakkes, ^I.D., and Fu’ank C. I^Iann, I^I-D. 
Rochester, jMinn. 

T?VER since tlie perfection of the electroearcliograiu and iLs cinploy- 
ment in the study of cardiac disease, clinicians have had a hceii 
interest in establishing correlalions hcLveoh abnorjnal elect rocardio- 
grams and types and degree of cardiac in.inry. Althongh hnowledge 
nf nrodnction of the T-wave has been incomplete, 


of the mechanism of production of the T-wave^ 
yet the clinical importance of significant inversions of the T-ivave in 
prognosis was conclusively established liy Willins. One of us^ nndei- 
took, in 1926, a careful anatomicopathological study of the hearts oi 
120 subjects who had come to necropsy, and ivho had exhibited significant 
inversions of the T-wave in life. It ivas hoped that certain inversions 
of the T-wave might be correlated with lesions demonstrable by ana- 
tomical or pathological means and possibly with certain types or sit- 
uations of these lesions. Tliis im’cstigation, although in the main dis- 
appointing, indicated that with the exception of myocardial infarction, 
significant T-waves were not to he explained hy lesions in the myo- 
cardium as demonstrated by ordinary pathological methods. 

In addition, this investigation, coupled ivith clinical observations, 
led to the hjTiothesis that T-wave negativity could result from injury 
to the myocardium, the I'csult of strain predominantly of cither the 
right or the left ventricle. Furthermore, it seemed evident, that such 
strain need not he manifested in the myocardium, except as hyper- 
trophy, and at times as dilatation of one or the other ventricles. These 
conclusions were substantiated by the investigations of Barnes and 
Whitten.- » In addition, it was established that inversions of the T- 
wave were specific for the ventricle that was subjccled to excessive 
strain; strain predominantly of the left ventricle was associated with 
inversion of the T-waves in Lead I or Loads I and II; strain predomi- 
nantly of the right ventricle, with inverted T-waves in the combined 
Leads II and III. It was pointed out that these conclusions wore in har- 
mony with the experimental observations of Daly and Otto. 

Barnes and Whitten^’ ® also found that coronary occlusion and acuto 
myocardial infarction produced characteristic modifications of the R-T 
and S-T components of the electrocardiogram, by which one conld 
predict whether the infarction involved the posterior basal portion of 
t le left ventricle and the adjacent interventricular septum, on the one 
hand, or the anterior portion of the left ventricle and apex on the 
localization was possible because infarction in the poste- 

nientarsurgelr^rnd' FoumlauLn^ 
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^jasal portion of tlie left ventricle produces electrocardiographic 
chanps which are the exact reverse of those produced when the infarc- 
tion involves the anterior and apical portions of the left ventricle 
These observations clearly Suggest, if one may judge from’ the 
changes observed in the RS-T component of the electrocardiogram, that 
the heart of man is oriented to the conventional leads of the eleetro- 
caidiogram in such a way that the electrical forces existent whemacute 
infarction involves the posterior basal portion of the left ventricle arc 
opposed to those present when acute infarction .of its anterior and 
apical portion occurs. ' They indicate, further, that the right ventricle 
as a whole produces electrical forces which act on the T-wave in a 
manner opposite to those produced in the left ventricle, at least in its 
apical and anterior portion. The conception can he entertained that 
the opposition of electrical forces produced in the right and basal por- 
tions on the one hand, and in the apical and left portions on the other 
hand, in the heart pf man deter*mines the form of the RS-T segment 
and the direction of the T-waves. This conception is supported by ex- 
periments on the dog's heart, showing that injury to one ventricle 
produces effects on the electrocai*diogram opposite to those produced 
by injury to the other ventricle. In axial leads it has been shown that 
a negative effect on the T-wave is prodiiced by cooling the left ven- 
tricle,®’ freezing the right ventricle,^® ligation of the right coro- 

nary artery, acute right ventricular strain,'^ stimirlation of the right 
accelerator nerve, and injection of alcohol (95 per cent) into the right 
ventricle.^® A positive effect on the T-wave was produced by cooling 
the right ventricle,®’ freezing the left ventricle,’'® ligation of the 

circumflex branch of the left coronary artery,’^ acute left ventricular 
strain,"’ stimulation of the left accelerator nerve, aird injection of 
mercuric chloride or silver nitrate into the right ventricle.® A high 
take-off of the R-T component of the electrocardiogram was observed 
following injection of mercuric chloi'ide,® silver nitrate® or alcohol (95 
per cent)’® into the left ventricle, whereas a low origin of the S-T 
component from the S-wave occurred when these substances were in- 
jected into the right ventricle. 

Smith's’®’ investigations led him to conclude that in the dog the 
modifications of the eleetrocardiograni characteristic of infarction 
were produced experimentally only by ligation of the branches of the 
left coronary artery. Parkinson and Bedford,” in a consideration o 
their electrocardiographic studies of coronary oeelnsion, eonelncle 
that “all available evidence points to the fact that it is occlusion o e 
left coronary artery or its branches which produces characteristic 
wave changes.” Katz,’® in his review of the literature, reached the 
conclusion that inverted T-waves “occur in coronary invo vemen .on y 
when the left coronary artery is affected either elinica y or experi 
mentally.” Barnes and Whitten's® work established conclusively the 
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laet that intotion protoe^ 

axial lead, louod that «f the lett vc- 
coronary arteiy of tlic o^ ( ' ^ lio-ation of the rifrht 

«ele) *^X".4fvc,nrcr -croaaed ooga. 

STf ft T^^-eas Ration ol the aotoriov doaecodftg 
tooh ol ftc left eot-onaty artovy (about equally distnbutod to the 
right and left reirtrieles) iivoduccd effects partially chavactei istie of 
each of the first two types of ligation. 


PURnOSE AKn METHOD OP STUDY 

The present stndy represents a further investigation of the cfl.ecis of 
licration of the hranehes of the coronary arteries of the dog that go, re- 
spectively, to the right and to the left ventricle on the RS-T component 
of the electrocardiogram, nsing the standard elcclrocardiographic 
leads. Its chief object was to determine the difference beUyeen the 
electrocardiographic tracing before and after ligation of the right and 
left coronary vessels, and to see to what extent such changes as occur- 
red could he compared with the change Icnown to occur in the electro- 
cardiogram exhibited by man following infarction. It seemed impor- 
tant to nse all three conventional electrocardiographic leads, inasmuch 
as it is impossible to predict, the changes in the T-wavc which will oc- 
cur in Leads I and III from a study of the changes of the T-wavc ob- 
served in axial leads. Cei'tainly by nsing the three conventional leads, 
one is better able to compare the changes obtained with those observed 
in the electrocardiogram of man. 


The following method was employed in these experiments: Dog.s were .niies- 
thetized with ether ; the thorax was surgically prepared, and a tracheal cannula Nvas 
introduced for maintenance of positive pressure. The left intercostal spaces were 
exposed, and the thorax was opened through the fourth left intercostal space. The 
adjacent ribs were foreiblj' separated by a retractor, jicrmitting good exposure of 
the heart. The pericardium was incised, and, if desired, the coronary vessels were 
ligated. No attempt was made to exclude the vena comites from the ligature. The 
heart was allowed to fall back into tbe pericardial sac, but the pericardium wn.s not 
closed by suture. The thorax was then closed. 


Electrocardiograms were taken before an anesthetic was given, and in most 
instances both before and immediately after operation while the dog was anesthetized. 
No attempt was made to determine the blood pressure at the time the electrocardio- 
grams were made. Electrocardiograms made immediately after operation actually 
were taken about twenty minutes after the coronary brandies were ligated This 
time was consumed in closing the thorax and carrying the animal to a separate 
room to make the electrocardiogram. Electrocardiograms were then made on the 
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Before describing the results it is important to comment on certain 
features of the electrocardiograms of dogs. First of all, so far as the 
T-waves are concerned, they differ from those encountered in work 
vrith human beings. The most striking difference is the extreme vari- 
ability of the T-waves in the normal electrocardiogram of the dog. 
The T-waves may be negative in Lead I, in Leads I and II, or even in 
Leads I, II and III in the normal dog. Furthermore, it appears that 
the same procedure may produce in the T-waves of a dog of which the 
T-wave urns normally positive in Lead I, changes that are different 
from those obtained when the T-wave was originally negative in Lead 
I. So it appears that to compare the results of similar experiments it 
is essential to know the nature of the T-waves before the experiment 
is begun. Serial tracings following operation are essential if one is to 
compare the results with those obtained in studies of man following 
coronary occlusion. It is necessary to understand wherein the eoi’o- 
nary circulation of the dog differs from that of man.^^- 

The literature dealing with the electrocardiographic effects of ex- 
perimental obstruction of the coronary arteries of the dog is often 
lacking in data relating to control experiments. In our control experi- 
ments, which will 1)6 considered first, we duplicated every step of the 
ordinary experiment except that the coronary arteries were not molest- 
ed. In one control experiment, the pericardium was vigorously 
manipulated. 

Control experiment 1 . — The electrocardiogram before anesthesia contained a sharp, 
positive T'wave in Lead I (Fig. 1, dog 1). The pericardium was opened in the 
usual manner, the heart was lifted out of the pericardial sac, but ligatures were 
not placed about the coronary arteries. The afternoon following operation, a deep, 
abrupt, negative T-wave was present in Lead I ; T, was now sharplj’ negative, and 
Ta was exaggerated and positive. On the fourth day, positive T-Avaves appeared 
in Leads I and II, continued to increase in height Avith elevation of the E-T segment 
until the tAA-enty-flfth day, and then disappeared. Then the T-waves in Leads 1 
and II became inverted and remained so until the eightieth day, after which the 
dog was killed. 

In study of dog 2, subjected to a similar operative procedure, and in Avhich the 
T-wave of the electrocardiogram was sharply positive in Lead I, similar negatmty 
of the T-Avaves in Leads I and II appeared, and Ta became sharply positiA'e in Lead 
III immediately after ..operation and remained so until the death of the dog one 
day after operation. In the electrocardiogram, taken under ether following 
operation, no significant change in the Ica'cI of take-off of the T-wave from the E- 
or S-Avave occurred, but the E-T segment in Lead II shoAved a distinct, negative 
troughEke effect. 

In a like experiment on dog 3 (Fig. 2) of w'hicli the tracing taken before the 
anesthetic was given contained a positiA'e T-wave of very low voltage in Lead I, 
negatmty of the T-Avaves folloAving opening of the pericardium and manipulation 
of the heart did not occur, but there did appear increasing positivity of the T- 
Avaves in Leads I and II, Avhich became greatly exaggerated on the ninth day after 
operation. In the tracings of this dog, taken immediately after oj^eration under 
ether, changes were not observed in the ICA-els of the ES-T segment. The T-wayes 
in the tracing taken forty-two days after operation assumed the same direction 
as those in the original preoperative tracings. 









482 


THE AMERICAN HEART JOURNAL 


Necropsi/. ^Dog 1 Avas killed live and one-fourth months after operation. The 
pericardium -was adherent over the basal three-fourths of the heart. There were no 
pericardial adhesions about the apex and anterior half of the left ventricle. The 
myocardium, the endocardium and the valves were normal. 

Dog 2 died one day after operation. The pericardium had been incised. The 
coronary vessels were normal and not obstructed; There was no evidence of myo- 



cardial infarction and there was no cardiac hypertrophy. The valves and endo- 
cardium Avere normal. i i, i f 

The pericardial sac of dog 3 had been opened, but the coronary vessels had not 

been ligated. The pericardium was adherent over the basal three-fourths of t e 
heart. The apex and anterior half of the left ventricle were free of pericardial ad- 
hesions. There was no evidence of myocardial infarction. The valves and endo- 
cardium were normal. 
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, • f _Tii the electrocnrcliograms of dog 4, the T-wave was neg. • 

Control experiment .. operation. Here, 

in Lead I and positnc m L . w the . coronary arteries were 

in one instance, in which the pencardnnn f 11 and III 

not molested, the T-wave became m Leads I . , .j^^trocardio- 

«V"d 

the dog was killed. The electrocardiogram of dog o, taken bcfoie 
T-waves similar to those observed in the electrocardiogram of the fourth dog. In 
the electrocardiograms of dog 5 taken after the same type of ^ 

as carried out on dog 4 the increased positivity of the I-wavcs in Leads II ai d I 
appeared, but the T-wave in Lead I never became po.sitive. The tracing returned 



^Vp, The pericavUium was opened, but Uic coronary arteries wore no 
ligated The electrocardiograms were taken as follows: a, four davs before opera 
ifte^operltion.'"''^ operation; c, ten days after operation; rt^forty-tbroe 'day: 


essentially to normal on the sixteenth day after operation and remained so unti 
the dog was killed (Pig. 4, dog 5). 

Wecro 2 )sp,— Hog 4 was killed two and a half months after operation. The peri 
eardmm had been opened, and was slightly adJicrout over the right ventricle am 
tte upper posterior third of the left ventricle. Ti.crc was no evidence of mvocardia 
infarction. The endoeardiuni and valves were normal. 

Dog 5 ivas killea ten montlia after operation. The pericardinni lind Ijecn openci 
and rtas aai.er.a.t bj line band, over tl.o right ventricle and the adjacent .nXTo 

^rd ait »'”'■« 

caidial mtarction. The endocardiain and valves ivcvc normal 

„hirt S-Aoothor I 7 PC of control o.vpcrimont teas performed i. 
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loiv amplitude were present in all three leads in the normal preoperative tracing. 
There was no change in the ES-T levels in the electrocardiogram taken immediately 
after operation under ether. The T-wave in Lead I became positive on the afternoon 
folio-wing operation and remained so until the eleventh day after operation. The T- 
wave in Lead II was positive on the fourth day, was positive and exaggerated on 
the fifth day, and negative on the ninth day. The tracing returned to normal on 
the fifteenth day after operation. 

Necropsy . — ^Dog 6 was killed tivo months and five days after operation. There 
were no pericardial adhesions. The myocardium, endocardium and valves were 
normal. 


COMMENT ON CONTROL EXPERIMENTS AND THEIR RELATION TO LIGATION 

EXPERIMENTS 

1. Sharp, deep inversions of the T-waves may follow opening of the 
pericardium and manipulation of the heart without ligation of any 



Fig. 4.— Dog. 5. The pericardial ® a^^be^fore SeratfonT^! 

not ligated. The electrocardiograms were ^aLen as^foimus,.^D, o 

silte%TK"anlr°opefat?onT'^^^^^^^ and threifourths months after operation. 


coronary vessels. Under the conditions of our experiments it is evi- 
dent that reversal of the direction of the T-waves only cannot be con- 
sidered a manifestation of the effects of coronary 

2. There is a late stage in which T-wave negativity is by 

positive T-waves which may arise from the descending im 
nive ond beoozne greatly exaggerated. This change -ually 
t Z conthined Leads I and II or II ^1 and ts — rgn 
character, occurring from the fourth to the twenty-Mth day, altho g 

r Ther°e is more tendency for the T-waves to become reveaed n 
direction and to maintain the reverse direction in the flna e ec i 
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diograms of dogs in which tiie T-Avave is sharply upright in Lead I in 
the, original tracing. In dogs in which the T-wave in Lead I is nega- 
tii^e in the tracing taken before operation, there is a distinct tendency 
for the tracings to return to normal after the period during which the 
T-waA’’es become positiA^’e and exaggerated, as has been described. 

4. In these control experiments no significant modifications of the 
level and contour of the RS-T segment occur in the electrocardiograms 
taken under ether, immediately after operation or during the remain- 
der of the day. 

With this knowledge of the electrocardiographic changes produced 
by opening the pericardium and manipulating the heart, but not in- 
terfering Avith the coronary circulation, one is in a position to recognize 
the effects of ligation of the coronary arteries. First the effects of 
ligation of the branches of the left coronary artery Avill be considered. 

Ligation experiment 1 (left coronory artery ). — Tlie posterior division of the 
circumflex branch of the left coronary artery of dog 7 -was ligated. In the electro- 
cardiogram taken immediately after operation, -while the dog -was still anesthetized, 
Avas seen the high origin of the T--wave from the descending limb of the E--wave, -with 
marked positivity of the E-T segment in that lead (Pig. 5). In Lead III there is 
marked fusion of the S- and T-Avaves resulting from Ioav take-off of tlie T-Avaves. In 
Lead II the T-Avave has become almost iso-electric. In the tracing taken in the 
afternoon folloAving operation, -with the dog fully aAvake, a negative T-Avave is pres- 
ent in Lead I Avith a persistently high take-off of the T-Avave, or, in other -words, 
an elevated E-T segment. The S-T segment in Lead- III was still markedly depressed, 
but the T-Avave in Lead III had become sharply upright. Auricular fibrillation was 
present one day after operation, and the ES-T segments in Leads I and III retained 
simEar, although slighter, changes to those just described. The changes in the 
level of the ES-T segments disappeared after the first day. Then followed increased 
negativity of the T-wave in Lead I, A\'hich Avas interrupted by positivity and exag- 
geration of the T-wave first in Leads I and II, and later in Leads II and III. Prom 
the twenty-second day, until the dog was kUled, negativity of Tj and Tj, and 
positivity of Tg persisted. One is tempted to consider tlie sharply negative T-wave 
in Lead I, and the sharply positiA'e T-Avave in Lead III, observed at the end of the 
experiment, as a manifestation of infarction, the exact counterpart of which is seen 
in the late stage of the electrocardiogram of man when the apical and anterior 
portion of the left ventricle is the seat of infarction.^’" HoAvever, these same changes 
were observed in the control experiments (Fig. 1) ; therefore an interpretation such 
as that suggested is open to doubt. 

Necropsy . — ^Dog 7 was killed eleven months after operation. At necropsy, the 
pericardium was adherent over Amrious portions of the right ventricle, but adhesions 
to the left ventricle were not present to any extent, except over the region of in- 
farction. A large, Avhite area occupied the posterior portion of the left ventriele, 
immediately adjacent to the posterior interventricular septum. This area had a 
maximal -width of 1.5 cm. and extended from 0.75 cm. from the base almost to the 
apex. The adjacent portion of the right ventricle Avas not involved, and there 
was only slight involvement of the posterior interventricular septum. The cardiac 
muscle was completely replaced in this area by scar tissue which had a thickness of 
about 2 mm. The myocardium of the remainder of the left ventriele, and of the 
right ventricle, was normal. No gross abnormalities of the endocardium or valves 
were noted. 
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Liaation experiment 3 (left coronary nrlcrj/J.-In dog 8 a brand, of tbe 

i the left coronary artery supplying the posterior and basal por Iron 
of th^ ^vas ligated. Here, again .vas obtained a h.gh onpn of the T- 

the B-rvave, J. a positive, conve., B-T conrponent foiio.v^g operatxon 
(Pig 6). There rs’as slight upward convexity of the E-T segment rn Lead I . 

Lead III there was fusion of the S- and T-waves, with low ongm of the T-wave 
from the S-wave in that lead. The' subsequent changes were practically the same as 

those observed in control experiment 2 (Pig- 3). 

iVecropsy.— Log 8 was killed ten months after operation. The pericardium was 
adherent, by scattered bands, over the entire right ventricle and the basal lialf of 
the left ventricle. The pericardium was very firmly adherent at tl.e site of in- 
farction, which was in the posterior basal portion of the left ventricle, 1.5 cm. fiom 
the base, and 1 cm. from the posterior interventricular septum. There was a de- 
pressed sear at the area of infarction measuring 1 by 1.5 cm., inth a slightly greater 
area on the endocardial surface, and infarction involved the anterior papillary 



Fig. 6. — Dog S. Ligation of a branch of the circumflex division of the left coro- 
nary artery. Electrocardiograms were obtained as follows ; a, before operation : b 
™ty-four dSs ten days after operation; d. 


muscle. At the central portion of tliis sear, practically the entire tl.ickness of the 
left ventricle consisted of fibrous tissue. In the valves, endocardium, arid remaining 
part of the myocardinm, there were no gross abnormalities. 


Ligation experiment 3 (left coronary artcry),-ln dog 9, the posterior descending 
branch of the circumflex division of the left coronary artery was ligated. In the 
electrocardiogram taken immediately after operation, while the dog was anesthetized, 

t7T 7 Leads I 

and ir showed increased negativity, and there was marked fusion of the S- and T- 
ves m Lead III, with low origin of the T-wave from the S-wave (Pig. 7). These 
changes in the ES-T segment were present in tlie tracings taken in the afternoon 

T am following operation. The reciprocal rJlation of 

T, and T, IS clearly showm in the fact that as T, became more neoatil ^1 

r." 

the posterior descending branch of the circumLx artery at fT? 

cm. from the coronary sulcus. Injection of tlm ^ ^ distance of about 0.7 

xnjeetion of the circumflex branch disclosed an 






Fig 8.— Dog 10. Ligation of two branches of the left 
after operation. 
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ischemic area below this point, to -within 0.5 cm. of the apex. Tins area extended 
about 1 cm. anterior to the posterior insertion of the interventricular septum and 
occupied the posterior portion of the left ventricle. The endocardium and valves 
were normal. 

In another dog (not numbered and not examined post-mortem) following ligation 
of two anterior branches of the circumflex division of the left coronary artery, an 
elevated convexity of the E-T segment occurred in Lead I, without a high take-off 
of the T-wave from the E-wa%’e. Sunilarly, a depresed S-T segment occurred in 
Lead III, -without a low take-off of the T-wave from the S-wa.ve. Tliese .changes 
were present in the electrocardiogram -taken on the day following operation and 
subsequently. Tliere appeared on the third day a peculiar, convex, upward rounding 
of the E-T segment in Leads I and II, with slightly high origin of these segments 
from the E-wave. Tins is probably to be considered a preliminary step to the 
development of positive and exaggerated T-waves in those leads if the dog had lived. 



tionl aftef supplying: tin 

operation; .. tU"o "dlVl a7tiro^ZaZt^ 

In a control experiment in wliieh all + 

except ligation of coron.-iry vessels' such cT’"’ "'ore carried on 

■».cl U nppeared on tl.e itl.'” !’ 7““ ‘f, «■’’ -Smonts in Lends 

g ed 111 the electrocardiogram taken ^ ventricle, were 

depression of the S-T V (Fia SI Ti, " 

markedly unoif • ®8ment m Lead II. The slight 

<-^l«>o:2Mrri:mch" if" eontoui! tT?' 

operation. Then tlie degree, in the tracing taken on present, 
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compared to the original tracing, persisted to the end. We did not see this in control 
experiments in which we started with a negative T-wave in Lead I (Figs. 3 and 4). 
Inasmuch as the final electrocardiographic changes in this dog were such as would 
he observed in the late stage of infarction involving the posterior basal portion 
of the left ventricle in the heart of man, it is possible that they may be ascribed to 
infarction of the right ventricle. However, one is prevented from positively at- 
tributing them to infarction when it is recalled that such a reversal of the direction 
of the T-waves -was obtained in a control experiment in which the T-ivave was posi- 
tive in the original tracing (Fig. 1). 



Necropsy. —Dog 10 was hilled eight months after operation. At necropsy, peri- 
cardial adhesions were observed across the base of the right ventricle. The mi e 
nortion of the right ventricle was the seat of infarction, and was grayish in color. 
The infarct began about 0.5 cm. from the base, and spread out over a fan-shaped 
area, toward the apex of the right ventricle. This area was thinned The 
fibrosis was largely confined to the epicardial half of the myocardium. The left 
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.•■■,3 tMckonca mi am^rcntly hypcr.ropI.M, Tl.c vulvcs »ml 
nf Oip remaiiiJnE portion of the liourt ’vvero iioiiP.il. 

Scln cp'Ln 5 (ri,M coronar, nrtcn,).-~l. dog 31 u l.vopoh of the .ug. 
coronary artery to the right ventricle ^vas ligated. In the electrocardiogram taken 
before operation there rvas sliglit dcpre.ssion of the S-T .segment in .eat , am 
slight elevation, of it in Lead III (Pig- t>). I» 9'C clcetrocardiogr.am taken im- 
mediately after operation the depression of the S-T segment, in Lead HI was likewise 
accentuated. These changes persisted in lesser degree in the electrocardiogram la ’cn 
in the afternoon folloiving the operation. Two days aftm- operation there w.as 
marked negativity of the T-wavc in Load 1, and the T-wave m Lead III had hocomc 
positive and exaggerated. The dog died four daj’s after operation. 

Necropsy. —Dog 11 died on tlic fourth day after ojieration. At necropsy, a liga- 
ture was found about the branch of the right coron.'iry .artery in tlie mid-h;is:il 
portion of the right ventricle. There was a bluish discoloration of the pericardium 
spread out over the surface of the right ventricle, distal to this ligature, me.'isnring 
2 by 4 cm. The corresponding area on the endocardial surface had a bluish-red 
appearance. This was found to be an area of acute hemorrhagic iiifavction. 

Ligation experiment G (right coronary artrry).~~A. branch of the right coronary 
artery to the riglit ventricle was ligated in' dog 12. In the electrocardiogram taken 
immediately after operation on the etherized dog, fusion of the S- and T-wave.s in 
Load I, with depression of the S-T segment in Ih.at, lead was seen (Pig. 30), Tlic 
S-T segment had a high takc-ofC in Lead III, with marked exaggeration imd increased 
positmty of the T-w,avo in that lead. The li-T .segment, in Lead II was slightly 
depressed. The changes in tlic IhS-T segment persisted definitely in Loads I and III 
in the afternoon, but disappeared thereafter. Tltoii appeared, on tiie fourth day, an 
elevated take-ofE of the T-wavc in all leads, which resulted, ftimlly, iu oxaggor.ated 
positive T-waves iu all loads. Tlieso positive T-w.-ivos persisted until tlie fifteenth 
day. It is well to recall that similarly exaggerated positive T-waves wore to be 
observed in the tracings following control experiments, so that those cliaiigcs arc not 
regarded as a manifestation of the results of ligation of the coronary vessels. 

Necropsy . — ^Dog 12 died one month after operation. On opening the pleural 
cavity it was found to bo filled with blood-tinged fluid. There was an extensive, 
fibrinous exudate practically covering tlie lic.art, and that could be separated from it 
with difficulty. A grayish area occupied the middle portion of the rigid ventricle, 
and measured about 1.5 by 2 cm. This portion of the myocardium was markedly 
thinned. When viewed on its cndocardi.al surface, the area was distinctly paler than 
the adjacent muscle. Microscopic section disclosed that this was an area* of parUally 
healed infarction. The encloeardium, valves, and muscles of the remainder of tlm 
heart were not abnormal. 

GENERAL COMMENT 

In biological experiments it is always difficnlt to reproduce condi- 
tions in an animal that correspond exactly to those existing in man 
In the dog the circulation, the distribution of the conduction svstem' 
the structure of the mediastinum, tlie angle tJiat tlie heart makes witli’ 
the various axes of the thorax, the influence of the vagus neiw and 

-ardi;' t rs tSTaStir t ^ 

ment.„„ed p.eviou.l, that the T-tva.e ol the eloeC“di„taroI 
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normal dog may be negative in Lead I, in Leads I and II, in Leads I 
II and III, or in Lead III alone, and that the changes in the T-waves 
observed following our experiments varied according to the nature of 
the T-Avave in the normal tracing. 

The most important step in any investigation is the control experi- 
ment. We found that reversal of the direction of the T-ivaves could 
occur as a result of completion of all the steps of the experiment except 
ligation of the coronary vessels. So it became apparent that reversal 
of the direction of the T-ivaves folloiving ligation of the coronary ves- 
sels could not be accepted 'unreservedly as a characteristic feature of 
infarction v’ith the conditions under Avhieh our experiments were per- 
formed. This observation throws doubt on any investigation similarly 
performed in which the production of such a rcA’-ersal of the direction of 
the T-waves is regarded as a manifestation of myocardial infarction 
in the dog. Moreover, the control experiments established the fact 
that the peculiar, exaggerated, positive T-Avaves produced usually in 
tAvo leads, from the second to the tAventy-fifth or fortieth day after 
operation, Avere not AAmAms peculiar to experiments in Avhieh the coro- 
nary A'-essels Avere ligated. These results do not invalidate in any Avay 
the obseiwations in man that reversal of the direction of the T-Avaves, 
and exaggeration and increased positiAuty of the T-Aimves, may occur 
as a result of coronary occlusion. HoAveAmr, it must be remembered 
that the conditions in coronary occlusion in man and those present in 
our experiments, at least in their later stages, are quite different. 
Under experimental conditions we have opened the pericardium, and 
Avhether we leaAm it open or suture it, there is liliely to be a certain 
pericardial reaction leading commonly to adliesions over the various 
portions of the heart. We have to deal, then, AAuth the effects on the 
electrocardiogram of inflammatory reactions, and Avhat is probably 
more important, Avith the fact that adhesions occun’ing asymmetrically 
OAmr the heart can modify the cardiac axes Avith reference to the Am- 
rious electrocardiographic leads. MoreoAmr, the circulatory adjust- 
ments following obstruction of a coronary A’^essel in the face of the 
normal circulation of a dog cannot completely duplicate conditions fol- 
loAAung obstruction of a coronary Amssel in the heart of man, the remain- 
der of AA'hose coronary circulation is usually seriously injured. Com- 
paratiAm anatomy suggests that the Thebesian circulation plays a more 
important part in the loAA’'er animals than it does in those higher in 
the biologic scale.-^ 

After allowance is made for all the changes that are obseiwed under 
the conditions of the control experiments, there is yet one important 
type of electrocardiographic change obserAmd to occur after ligation 
of the coronary A'-essels. This has to do Avith modifications of the ES-T 
component of the electrocardiogram appearing immediately after op- 
eration, and usually disappearing in from a feAv hours to tiventy-four 
hours after operation. This is most clearly manifested in Leads I and 
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III MoreOYer. it is seen that these changes avo chatvacteristically clit- 
S-ent aid opposite in type lor inlarction in the left and the ng t 
ventriele respectively, men a branch ol the left coronary 
tributed exelnsively to the left ventricle is ligated, prodncmg inlaretaon 
of tlie Yoiitricle, in tlie tracing taken immediately after operation, origin 
of the T-ivave from the R-ivaTe in Lead I is high, and the K-T segmen 
may take on a rounded, positive convexity. With this there may c c- 
velop a very sharp, deep, negative T-wave in Lead In Lead III, on 
the contrary, there is fusion of the S- and T-ivaves with a low takc-oit 
from the S-wave, "producing a troiigh-like depression of the S-T seg- 
ment. If the dog fails progressively, and dies ivithin twenty-fonr to 
forty-eight hours after operation, this change may persist to the end. 
However, if a branch of the right coronary artery is ligated, producing 
infarction in the right ventricle, in the tracing taken immediately after 
operation a high origin of the T-wav^c from tlie H-wavc in Lead HI is 
observed, producing a po.sitive, convex, R-T segment in that lead, with 
or without negativitj’ of the T-wave. In Lead I, fusion of the RS-T 
segment is observed, with a low take-off; of the T-wave from the R- or 
S-wave, leading to a trough -like deiiression of the RS-T segment. It 
will be observed, also, that the T-w'aves in Leads I and HI tend to act 
reciprocally; that is, as the T-wave in Lead I undergoes inver.sion, the 
T-wave in Lead III becomes positive, sharp, and exaggerated ; whereas, 
when the T-wave becomes negative in Lead HI, the T-wave in Lend I 
tends to become more positive and sharper. Tlie changes observed in 
Lead II do not obey any definite or predictable pattern, and clearly in- 
dicate the advantages of including Leads I and HI of the electrocardio- 
gram in any study of tlie effects of exiierimental coronary occlusion. 

Mention has been made of the fact that these changes in the RS-T 
components of the electrocardiogram disappeared in a few hours, ex- 
cept in an instance in which the dog progressively failed until its death 
on the second day after operation. At first glance, this might be con- 
sidered as indicating that these changes were not due to myoeardial 
injury. However, Otto^® observed a similar rapid decrease in the de- 
gree of changes in the RS-T segment produced by injecting 95 per cent 
alcohol into the cardiac muscle. Smitld® also observed that the in- 
creased prominence of the T-wave, observed immediately after ligation, 
was replaced in twenty-fonr hours by a sharply negative T-wave. It 
appears possible that the condition produced in the myocardium of 
the dog following coronary ligation or chemical injury re.sults in 
ehanps in the RS-T segment of the electrocardiogram which under"o 
readjustments more rapidly than they do in the human heart.. Were 
1 practicable, at this point we should like to review for comparison 
the duration of the changes in the RS-T segment, observed in the elec- 
trocardiogram of man following myocardial infarction,'*- as pointed 


portant, probably, is the fact that those electrocardiographic chan 


ges 
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that occur independently of infarction/ and observed in our control ex- 
periment, namely, reversal of the direction of the T-waves and their 
positive exaggeration in one or more leads, appear early, and they 
obscure the modifications in the ES-T segment. 

This study cleaily indicates that infarction in one ventricle produces 
electrocardiographic effects -which are characteristic and opposed to 
effects produced by the other ventricle. The work of Eppinger and 
Eothberger,® and Otto,i^- indicated that this was true for axial leads. 
Our investigations do not answer the question as to whether infarctions 
of various portions of the same ventricle of the dog produce dissimilar 
electrocardiographic changes. This question seems definitely answered 
in the negative b^^ the findings of the investigators last mentioned. 

Are these changes in the ES-T segment, following infarction, the re- 
sult of electropotential forces of the right and of the left ventricle, 
which are antagonistic because the right ventricle occupies a right 
basal position, whereas the left ventricle constitutes the left and apical 
portion of the heart ? Are they linked up with the fact that the con- 
duction system to the right and left ventricles of the heart are separate, 
and that injury anywhere -within the region supplied by one side of 
the conduction system produces a characteristic change ? Or are these 
changes related, in some fashion, to the fact that injury in the region 
of the myocardium supplied by one coronary artery produces a char- 
acteristic electrocardiographic picture? It seems fairly certain that 
we can answer the last tw'-o questions in the negative by referring to 
the results observed in infarction in the heart of man. In man acute 
infarction at the posterior basal portion of the left ventricle produces 
changes in the ES-T segment that are characteristic, and that are op- 
posed to those produced by infarction in the anterior and apical por- 
tions of the left ventricle.-*’ ® In man, also, the same branch of the 
conduction system supplies both regions of infarction, and the eleetro- 
eardiograpliie changes are the same following acute infarction of the 
posterior basal portion of the left ventricle, regardless of whether it 
is supplied by the right or the left coronary artery.® A number of ex- 
perimental observations seem to oppose the idea that infarction in 
the right ventricle of the dog produces opposite effects on the ES-T 
segment from infarction in the left ventricle, by virtue of the fact that 
the right ventricle occupies a basal position in the heart with reference 
to the left ventricle. The experiments of Eppinger and Eothberger, 
and of Otto, indicate that injury to any part of the left ventricle pro- 
duces the same type of electrocardiographic change. In the injury to 
one ventricle, Eppinger and Eothberger found that when changes in 
the ES-T segment occurred they were all of a similar type, although 
differing in degree, and Otto arrived at a similai’ conclusion. It was 
foimd, also, that injury of the left half of the septum, no matter at 
what level, produced the same tjq^e of ES-T change as did injury of 
any other portion of the left ventricle, whereas, similar injury of the 
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right half of the septum produced an RS-T rffeet that tvas "O «ffiorout 
from that produced by injury of any portion of the right tentiide 
Moreover, Otto” found that ligation of the anterior descending blanch 
of the left coronary artery supplying the anterior portion of both the 
riglit and the left ventricles, adjacent to the interventricular septiim, 
produced electrocardiographic changes which partook partly of the 
character of those produced by injury of the left ventricle, and part y 
of those produced by injury of the right ventricle. The available evi- 
dence seems to indicate that so far as effects on the RS-T component 
of the electrocardiogram are concerned, the dog’s heart may be con- 
ceived of as being divided by a plane fairly accurately separating the 
right and left ventricles. Such a separation does not appear to exist 
in the heart of man.® 

Is cardiac dilatation essential to the production of fusion of the RS-T 
segment following experimental oeclnsion of coronary arteries of the 
dog? The transitory character of the changes in the RS-T segment 
which we obtained, and their tendency to persist until failure and 
death twenty-four to forty-eight lionrs after operation, might be in 
harmony with such an observation. Furtlier experiments to induce 
cardiac dilatation following experimental obstruction of coronary ves- 
sels, and determination of the effects of these combined procedures on 
the RS-T segment of the electrocardiogram should throw light on this 
question. 

The investigations of Feil, Katz, Moore and Scott® indicate that liga- 
tion of the descending branch of the left coronary artery alone does 
not produce modifications of the RS-T segment of the electrocardio- 
gram characteristic of infarction, in dogs that are alloived to survii'-o 
sixty-eight minntes or less after the coronary ligation. These investi- 
gators were able to produce such changes in tlie RS-T segment only if, 
in addition to ligation of the descending branch, they obstructed the 
inferior vena cava. They felt that the marked fall in mean blood 
pressure with followed obstruction of the vena cava, and the increasing 
anoxemia thus produced, were necessary factors in production of the 
changes in the RS-T complex in the electrocardiogram. In this con- 
nection it is well to recall that the descending branch of the left coro- 
nary artery in the dog supplies not only the anterior portion of the 
left ventricle, but the interventricular septum and the adjacent portion 
of the nght ventricle as well. In axial leads, Otto noted that closure 
of the right coronary artery had a negative influence on the T-wave of 
the electrocardiogram; closure of the circumflex division of the left 
coronary artery had the opposite effect, and closure of the anterior di- 
vision tended to produce both effects; that is, ''the T-wave began be- 
fore the complete ascent of S, yet its peak became more positive ” He 
explained the latter result by the fact that the zone of discoloration 
which followed ligation of the descending- branch occupied a position 
ovev the lowet portion ol the anterior intcrveutricnl’ar U ro l“d 
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apex, midway between the right ventricle above and anteriorly, and 
the left ventricle to the left and posteriorly. This might explain why 
Feil and others obtained changes in the ES-T segment characteristic 
of infarction of the right ventricle in some instances, due to involve- 
ment predominantly of the right and basal portion of the heart, and in 
other instances evidences of infarction of the left ventricle, due, to in- 
volvement predominantly of the left and posterior portion of the heart. 
In other words, the area of ischemia in the dog’s heart produced by 
ligation of the descending branch of the left coronary artery may be 
a relatively neutral zone. It may give rise to opposed electrical effects 
of right and left ventricular origin, making it somewhat difficult to 
obtain changes in the ES-T component characteristic of infarction. 
When such changes are obtained, they may not be constant in all 
animals. 

CONCLUSIONS 

1. Infarction of the right ventricle produced by ligation of branches 
of the right coronaiy artery in the dbg induces characteristic changes 
ill the ES-T component of the electrocardiogram. These changes are 
distinctly different. from those following infarction in the left ventricle 
produced by ligation of branches of the left coronary artery, 

2. These characteristic changes are best appreciated only when one 
studies Leads I and III of the electrocardiogram. 

3. The changes in the ES-T segment observed following acute in- 
farction of the left ventricle of the dog closely resemble the early 
changes fii the ES-T segment following acute infarction of the an- 
terior apical portion of the left ventricle of man. 

4. The changes in the ES-T segment observed following acute in- 
farction of the right ventricle of the dog closely resemble the early 
changes in the ES-T segment following acute infarction of the posterior 
basal portion of the left ventricle of man. 

5. The reversal of the direction of the T-wave and the occurrence of 
exaggerated positive T-waves in one or more leads could not be con- 
sidered to be a result of infarction, inasmuch as these same changes 
were observed to occur in similar experiments in which the .same pro- 
cedures were carried out except that no coronary vessels were ligated. 

6. The available evidence indicates that so far as their effects on the 
ES-T segment of the electrocardiograms are concerned, the right and 
the left ventricle of the dog each acts as a unit. This behavior does not 
seem to be explained wholly by the fact that the right ventricle occu- 
pies a more basal position than the left ventricle. 

7. Control experiments in evaluating changes following expeii- 
mental occlusion of the coronary vessels in the dog are important. 

8. It is impossible to secure strictly comparable conditions in myo- 
cardial infarction following experimental occlusion of the coronary 
vessels in dogs and following spontaneous closure of the coronaiy ves- 
sels in man. 
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9 The character and direction of the T-wayc in the normal electro- 
cardiogram of the dog differ from the same features of the normal 
electrocardiogram of man. The changes of the T-wave m the do^ fo - 
lowing identical experimental procedures appear to Yary according 
to the character and direction of the T-wave in the normal 


electrocardiogram. fo 

10. The last two conclusions probably explain vrhj it is difficult to 

interpret, and probably not possible to reproduce, in dogs, the late 
changes in the electrocardiogram as seen in man following myocardial 
infarction. 
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AURICULAE FLUTTER AND FIBRILLATION SHOWING 
VARYING BLOCK ASSOCIATED WITH CHEYNE- 
STOKES RESPIRATION^t 

W. W. Hamburger, M.D'., L. N. ICatz, M.D, and S. H. Rubinfeld, M.D. 

Chicago, III . 

TT IS well known tliat changes in sinus rate occur during Cheyne-Stokes 
respiration. The subject is fully discussed by Wenckebach and 
Winterberg.i Usually it is found that the sinus rate slows during the 
hyperpneic stage and speeds up diu-ing the apneic period. The change 
is due as a rule to a central action of the vagus, which alters the ac- 
tivity of the sinus node. We have found no notation in the literature of 
the appearance of block in Chejnie-Stokes breathing, either with sinus 
rhythm, auricular flutter or auricular fibrillation. For this reason an 
unusual case is described in which Cheyne-Stokes breathing occurred 
during sinus rhythm, auricular flutter and auricular fibrillation with, at 
times, striking variation, sometimes halving, of the ventricular rate dur- 
ing auricular flutter due to ajmchronous changes in A-Y block paralleling 
the hjTDerpneic and apneic periods. 


CASE REPORT 


Kistory. — S. G., aged thirty-nine years, married, was admitted to the Me 3 'er 
House on January 28, 1931, complaining of dj'spnea, cough, and insomnia of a 
month’s duration with edema of the ankles for the past two days. There was a 
definite history of recurrent attacks of rlieumatic fever at the ages of nine, eleven 
and fourteen years. In July, 1929, he suffered from an attack of streptococcus sore 
throat during -which he complained of attacks of severe precordial pain. A diagnosis 
of pericarditis with effusion was made at this time. 

On admission he was kept at rest in bed and- given morphine. Pluids were limited 
to 1000 c.c. per day, and he was kept on a high caloric, high carbohj^drate diet. He 
was also slowly digitalized and finally became fullj' compensated in about ten 
weeks, when he was discharged in relativelj' good condition. Two electrocardiograms 
were taken at this time (Fig. 1 A and B), showing notching of QES and in the 
second record some prolongation of A-V conduction time, up to 0.22 sec. 

On April 8, 1931, he was again admitted to the hospital in a state of advanced 
congestive heart failure. He was again put on a regime of rest, high earbohj’drate 
diet and fluid restriction. Pantopon, gr. 1/3, was given when needed. Digitalis 
was given for a period of seven days and was then refused bj' the patient. During 
digitalis medication auricular fibrillation developed, which was followed bj' auricular 
flutter. Quinidine sulphate was administered over a period of five daj^s, 2 grams in 
all being given, during which the mechanism was restored to the sinus rhythm. 

Physical Tlxamination . — The patient was an adult, white male of about forty years, 
well developed and well nourished. He was orthopneie, dyspneic, and had a char- 
acteristic mitral flush of the cheeks. His lips, tongue and ear lobes were cyanotic. 
The thyroid gland was not palpably enlarged. The veins of the neck were distended. 


♦Prom the Medical Clinic and Heart Station, Michael Reese Hospital, CTicag<h 11^ 
tAided by the Emil and Fanny Wedeles Fund of the Michael Reese Hospital 
the Study of Diseases of the Heart and Circulation. 
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Tlie diagnosis on admission was rheumatic heart disease, cardiac hypertrophy 
and dilatation, mitral insufficiency and stenosis, aortic insufficiency, sinus rhythm 
Class III. ’ 

Progress. The physical examinations showed essentially the same condition on 
both admissions. The progress of the first stay in the hospital has been summarized 
in the history. -During the first stay in the hospital there was a persistent regular 
sinus rhythm and no evidence of Cheyne-Stokes breathing. 

On the second entry on April 8 the patient was rapidly digitalized. The electro- 
cardiograms on April 15 (Fig. 1 C) showed coarse auricular fibrillation, whereas on 
the previous day frequent premature contractions were demonstrated clinically. A 
sinus mechanism was restored in a few da 3 ’^s. On April IS he had a short attack of 
apnea, and three daj's later Chejme-Stokes respiration set in which persisted until 
his death; a gallop rhj'thm was also noted at this time. During the same day he 
had an attack of severe orthopnea, vertigo, tinnitus, and motor aphasia. The next 
daj' he had a right-sided hemiparesis with hemianesthesia and right homonymous 
hemianopsia, ■with continuance of the aphasia. The neurological diagnosis by Doctor 
L. J. Pollock was “vascular accident to the internal capsule.” The intracranial 
lesion progressively' improved, and the pulse continued to be regular. On April 27, 
it was noted that the pulse was slow during the hj'perpneic phase and rapid during 
apnea; this was confirmed by an electrocardiogram (Pig. 1 D) taken on the next 
day, which showed that the mechanism was a flutter of the auricles with 2:1 block 
during apnea and 4:1 block during hj'perpnea. Later that afternoon another record 
was taken which sho'wed coarse auricular fibrillation with varying block associated 
■with Cheyne-Stokes respiration. Quinidine medication ■was started on April 29, a 
total of 2 grams having been taken bj' May 1, after which time it was refused. 
Electrocardiograms taken on Maj’ 9 and 12 (Fig. 1 E) showed a return to normal 
sinus mechanism with no respiratorj' variation of the rate ns was previously noted, 
and only an occasional ventricular extrasystole. 

The patient ran an afebrile course until April 22 when for a period of eight days 
there was fever, the highest level reached being 102° F. The temperature then sub- 
sided until May 6 when it started to rise and remained elevated, reaching the level 
of 105.4° F. at the end. The apneic periods became progressively longer and the 
pulse very thready. He died on May 15. A postmortem examination was not done. 

Laboratory Data . — Eoentgenogram of the chest showed the transverse heart 
diameter to be 20.5 cm. and the transverse chest diameter, 30.5 cm. A small amount 


of fluid in both costophrenic angles was present. 

The basal metabolic rates were -f50.2 per cent on Februarj' 11, and -fl3.0 per cent 
on February 14. Blood chemistry on January 29 showed sugar, 101 mg. per 100 c.e. , 
nonprotein nitrogen, 38 mg. per 100 c.c. On April 24, sugar was 95 mg. per 100 c.c., 
nonprotein nitrogen, 43 mg. per 100 c.c.; creatinine, 2.1 mg. per 100 c.c. A blood 
culture ■\vas negative on two weeks' growth. Urinalysis showed four-plus albumin, 
occasional red and white cells, and coarselj' granular easts. A blood count on Apri 
9 showed E.B.C., 4,440,000; Hb., 75 per cent, and W.B.C., 8,200. On April 26 the 
W.B.C. count was 10,600. The blood pressure varied between 150/0 and 270/ 
mm. Hg. 


COMMENT 


Tile electrocardiograms show, definite evidence of intraventricular 
Dlock of the so-called “aborization type” (cf. Fig. 1) . The QRS is smaU 
in amplitude, prolonged to 0.12 of a second, and notched deeply, n 
Lead I it is chiefly directed downward; in Lead II, in most records, it 
is directed upward, but in Fig. 1 1? it is mainly dovmward; in Lead Hi 
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the direetion is move Yorioblc. The T-wavo is small or not diseermWe, 
viz ill Fiv. 1 C and 1 E; it is upright in liead III ami invcilod in 
Lead I. Ill most instances the S-T segment is negative in all kads or 
at least in Leads 11 and III. The change from a sinus rhy thm to coal sc 
auricular fibrillation, then to aiirienhir flnttor and back to a sinus 
rhythm is shoivn in Fig. 1. A ventrienlar extrasyslole is seen in Lead 
II of Fig. 1 E. The P-R interval is 0.20 sec. in Lead II of T ig 1 A and h 
and 0.22 sec. in Fig. 1 B indicating the presence in the latter record of 

first-stage A-V block. ^ 

The flutter record of Fig. 1 D was taken during Chcync-Stokcs 

breathing, Leads I and II during the apncic and Lead Til during the 
hyperpneie stage. The flutter waves are clear and regular at, a rate of 






t 


April 2 S, a..m., .showing auriciil.ar nutter 
transition irorn 2.1 to 4,1 block and back, dunnp: various nhasos of Chovne- 
Stokes breathing, si, sboivs onset of hyperpnea. f .shows end of hyperpnea. ^ 

250 per minute. Durmg apnea there is 2 :1 A-V block ; during liyporpnea 
the block is increased to 4:1. The transition from 2:1 to 4:1 block and 
back is shown in the two segments in Fig. 2 selected from a long stmp 
ot Lead II taken at the same time as the record in Fig. ID It -was 
obsowed that the transition fi-om 2:1 to 4:1 Mock occurred ivhcu apnea 
ended am the transition from 4:1 to 2:1 block occurred ivhen apnea 

the fluttl rat”'®' “ >>5' ""S' change in 
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The same alter., eon a continues record tvas taken dn.ang several 
cycles ot Choj-no-StoUcs breatUing; a record oi: the ■■“I'”''' 
being taken siranltaneonsly witli the clcctrocardiogi am 
changes in tlie latter more accurately. During Ihis long record i 
auricles were alternating between coarse auricular fibrillation as in le 
two upper strips of Fig. 3 and auricular flutter as in lower strip o 
Fig 3 The lower strip shows the flutter rale to be 300. During the 
apneic phase (early part of strip) the flutter waves are split in two, and 
there is 2:1 and 4:1 block. Wlicn the patient began to breathe, the 
doubling of the flutter wave changed after a short lag to a notch A\hich 
became less and less distinct at the same time the A-V block increased 
to 4 :1 and 7 -.1 block. This change was not associated with any change 
in the flutter rate. In the middle strip is .shown the coarse aurieular 
fibrillation with the rapid irregular ventricular rate averaging 143 beats 


seen in apnea, and the slow I’cgular ventricular rate of 45 seen duiing 
hyperpnea, which is probably a complete A-V block with the idio\cntric- 
ular rhythm located in the A-V node, as is borne out by the change in the 


appearance of the QRS complex. The auricular oscillations are irregxi- 
lar in spacing and amplitude and not very clear. In the top strip is 
shown the more gradual transition in A-V block as the apneic stage re- 
placed the hyperpneic. 

"Wlien the record of Fig. 1 E was taken, a long strip of Load II was 
made during the Ghejme-Stokes breathing. The irregularity in breath- 
ing was less marked than when the records of Figs. 2 and 3 were taken, 
and no significant change in sinus rate or P-R interval was foutid. 

This ease is unusual in that Cheyne-Stokes breathing produced no 
cyclic changes in sinus rate nor, apparently, any cyclic change iii the 
rate of auricular flutter and flbrillation. The variations iu ventricular 
rate which occurred during the periods of auricular flutter and flbrilla- 
tion were due to marked alterations in the A-V block. During the period 
of auricular flutter the block changed from 2:1 diiriug apnea to 4:1 
during hyperpnea in one instance; during a period of coarse auricular 


fibrillation complete A-V block developed in the hyperpneic period of 
Cheyne-Stokes breathing. Tlie change in block sjmehrouized with the 
change in the character of breathing. The increase in A-V block during 
tlie lijTperpneic period can be explained bj'' a spread of impulses from Ibe 
hyperactive respiratoi-y center to the closely adjoining eardioiuliibitory 
center, an^ explanation which has been adi^aneed to exjilaiu the sinus 
bradycardia during hjTperpnea in Cheyne-Stokes hreatbing CWencke- 
baeli and -WinterbergC . On the other hand the increased A-V block 
may be due to some chemical change in the blood, such as the anoxemia 
and hypercapnia, which produce the cyclic modification iu the respira- 
_ory center activity (Haldane^, acting simultaneously on the cardio- 
mliibitory center. Tlie studies of Resuicie on the cflects of anoxemia on 
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A-V conduction would suggest that the chemical changes in the blood 
might produce their effect directly on the A-V node. The evidence is in- 
conclusive as to which mechanism operated in this ease. 

SUMMARY 

An unusual case is reported in which the A-V block accompanying 
auricular flutter and coarse auricular fibrillation varied markedly during 
ChejTie-Stokes breathing, in one instance leading to a complete A-V block 
during the hj’perpneic stage. Hyperpnea in this case increased the A-V 
block and apnea decreased it without any apparent effect on the rate of 
flutter or fibrillation of the auricles. 
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experimental BUNDLE-BRANCH BLOCK IN IHE CAi 

George H. Roberts, M.D., J. Hamilton Crawford, BLD., David L 
Abramson, and John C. Cardwedd, UA). 

BrookIjYN, N. Y. 

q^HE electrocardiographic distiBction between right and leit bnndle- 
i hraucli block in hinnau beings has been associated wilh consi^devablc 
confusion. The classification of Lewis and his coworkersd- based 
laro-ely upon their experimental work on dog.s, found for a time almost 
uuivei-sal acceptance. However, Fain- in 1020, chiefly on iheoretical 
groimds, came to the conclusion that cleetrocardiogram.s ascribed to right 
bundle-branch block by Lewis actually represented left bundle-branch 
block, and vice versa. Barker, Macleod and Alexander,* in a remark- 
able study of the excitatory proce.ss in an exposed human heart, devel- 
oped eMdenee strongly suggestive of the latter view. More recently 
Mann-' and Wilson. Macleod and Barker.** using entirely dift’eront meth- 
ods, re-analyzed the original records of Lewis and came independently 
to a conclusion opposite to his. 

Since most of the confusion is due to curves Lewis obtained by cut- 
ting or clamping the main branches of the bundle in dogs, we have re- 
peated the work on cats. 

METHOD 


Nineteen cats were used, the .■luosthclic being .sodium nmytal in.icctod iutra- 
peritoneally (75 mg. for an adult cat). Needle clcclrodos were jdaced under the 
skin and tied. The chest was opened, .artifici.'il respiration cst.ibli.shed and the whole 
heart e.xposed hy slitting tlie pericardial s.ic; the control electrocardiogram being 
taken after this step. A cataract knife, the handle of which had boon replaced by 
an oval shank of much smaller diameter, was used to produce the desired lesion. 

In the first sLv e.xperimcnts the knife was introduced into the ventricular cavity 
by way of the auricular appendage, while in the remaining thirteen it was inserted 
direetlj’ through the ventricular wall. Using the direct or ventricular route, the 
right branch was cut by inserting the knife through tJic anterior wall near its .fiuic- 
tion with the septum, just below the pulmonary cusps. After it was iulroducod a 
short distance into the ventricular cavity nearly parallel to the auricnlovcntricular 
groove, it was slowly withdr.iwn with the cutting edge directed against the sey)tnin 
so as to transect the main branch in its course to the anterior i)apilhiTy muscle. In 
the left ventricle the knife was inserted through the outer wall on the left side, near 
the ventricular base. Tlie cutting edge was directed toward the septum, the anterior 
cusp of the mitral valve cut and then a slit made on the upper yiorlion of the .septum 
Dust below and parallel to the base of the aortic valve. If the electrocardiogram 
ta en after the initial attempt showed no change from the normal (:is was frequently 
madr*^^’ reinserted through the ventricular wall and another cut 


indirect or auricul.ir route, a brass caumila was inserted int 
jy way of the anneic .and tlie auricular appendage tied around i| 


'’From the Dept. 


o£ Physiolog-y, Long: Island CoUego of iModicine, 
oOo 


i:5Jooivjyn, N. 



506 


THE AjMERICAN heart JOURHAL 


Then the knife was introduced into the ventricle through the cannula, the bore of 
which fitted the knife handle. In the right ventricle the knife was directed into the 
ventricular cavity until it nearly touched the junction of the anterior wall and 
septum at a point just below the pulmonary cusps. It was then withdrawn with 
the cutting edge agains the septum and a slit made so as to transect the main branch 
also in its course to the anterior papillary muscle. In the left ventricle the cutting 
edge of the knife was directed toward the upper portion of the septum, and after 
transection of the anterior cusp of the mitral valve, a slit was made on the septal 
wall just below and parallel to the base of the aortic cusps. 

Following the initial attempt, the blade of the knife was withdrawn into the 
lumen- of the cannula and an electrocardiogram taken. If the latter showed no 
change from the control, the operation Avas repeated. After the desired lesion was 
produced, tracings rvere taken at frequent intervals over a prolonged period of 
time to demonstrate the permanenej' of the change. Although both methods yielded 
satisfactory results, the auricular route seemed to be preferable for the left ventricle 
and the ventricular route for the right. 

All specimens Avere examined postmortem and the cuts verified. The main right 
branch is readily seen as a graj’ish-AA-hite strand in its course to the anterior papillary 
muscle,’ and if the slit transected the branch, it Avas obvious to the naked eye Avithout 
liaA'iug to resort to microscopic iin-estigation. The main left brancli is not so visible 
but is identifiable belOAV the junction of the right and posterior aortic cusps. A slit 
parallel to the cusps and just below them usually transected the main branch before 
its division into its sub-branches. 

RESULTS 

Twelve successful experiments were performed, in six of Avhieh the 
right diAusion of the bundle of His Avas cut and in the remaining six the 
left. Other experiments Avere done in AA'hich varying degrees of trauma 
Avere seen on the opposite side of the septum to the ventricle into aa'McIi 
the knife had been introduced. All these, even those in Avhich this dam- 
age was minimal, Avere ruled out AAuth one exception. In that case (cat 
15 ) complete heart-block was produced in addition to left bundle-branch 
block. HoAveAmr, as there Avas no eAudence of damage to the right A’en- 
tricle in the region of the right dhdsion but onlj'’ to the main bundle at 
a higher IcAml, it seemed justifiable to include this exjjeriment in the 
series. It may be mentioned that in all the discarded experiments in 
which no considerable damage Avas done to the opposite side of the sep- 
tum, the results supported those described beloAv. 

Control electrocardiograms taken after the introduction of the knife 
into the A’^entricle before transection of the dmsion shoAved no. significant 
change from the normal. EAmn in those cases in Avhich post-mortem 
examination reAmaled some deep as Avell as superficial cuts, none of which 
had transected either of the main branches, but all of AA’hieh had caused 
considerable damage to the endocardium and myocardium of the septum, 
no gross change in the form of the electrocardiogram Avas produced. 
This latter observation has been preAuously made by Eppmger and Roth- 
berger® in their work on the hearts of dogs. 

Typical electrocardiograms of both the discordant and the concordant 
tjTJe, using these terms in the same sense as they Avere employed by 
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Pig. i._A, Kornial. B, Right (livision cut. Discortlnnt typo. Time, one-fiftli secoiul. 

1 cm. = 1 millivolt. 
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LTOis, are iltastratcd. Tables have been construotccl J;'’' 
experiments in tvliieh the amplitnde (expressea m onc-tenth imllit olte) 
of the main deflections in tlie control electrocardiograms are eompaiec 
with those obtained after cutting one of the divisions of the ^^^idle. 

In order to avoid repetition it can he stated that all curves taken a . nr 
the transection of a division showed a marked widening of the QRb 

complex. . 

Bight Division Gnt (Table I. Figs. 1 and 2).—hx these experiments 

a very high grade of bundle-branch block, in many cases complete, ivas 
obtained in every instance. In four (eats 1, 6, 10, 10 the curves weie 
discordant and in two (cats 9, 19) concordant. 

Lead I. In each case the chief initial deflection was the S-wave. In 
three no R-wave was present, while in the other three R was of small 
amplitnde. In five experiments T was positive, i.c., opposite to the chief 
initial deflection, while in the remaining one i1 was iso-electric. 


Lead II. In every instance the chief initial deflection was the S-wavc, 
while T was positive. The curves thus resembled those in Lead I. 

Lead III. In four experiments the chief initial deflection was R. In 
these S was practically absent. In one (cat 9) the chief deflection was 
S, which made the curves concordant. This was the only instance in 
which S was higher in Lead III than in Lead I. In another (cat 19) 
R was slightly larger than S, but the time interval of S Avas much greater 
than R; hence it seemed that those curves should also be considered 
concordant. T was of low voltage in every case. In three it was slightly 
negative, i.e., opposite to the chief deflection, in two slightly positive, 
and in the remaining one isoelectric. 


Left Division Cut (Table II. Figs. 3 and 4). — In three experiments 
a complete block of the division was produced -while in the others the 
block was of high grade. In one instance auricular fibrillation took 
place during the experiment, which of course did not affect the ventricle 
except as to rate and rhythm. Two experiments gave markedly dis- 
cordant curves (eats 15, 16), two slightly discordant (cats 3, 14),\Y]nle 
the other two were slightly concordant (eats 4, 11). 

Lead I. In every instance the chief deflection was R. In no experi- 
ment was S present, while T was ahvays negative, i.e., opposite to the 
chief deflection. 

Lead II. In all the experiments the chief initial deflection was R. In 
none was S seen, while T was negative except in one case. The curves 
resembled those in Lead I. 


Lead III. In four experiments the chief initial deflection was S. I] 

^ the other tw^ 

(eats 3 14)^ a definite R was seen, although its voltage was less than S 

In another instance (cat 4) R and S were equal, while in the remainim 
one (cat 11) R was slightly greater than S. In the latter the norma 
curve showed an R of very low voltage in Lead I while in Lead III it 
amplitude h,gh, ,vitl. S absent in both leads, i.e., some right aii 
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deviation. This was the only case in which the normal curves showed 
a much greater amplitude of R in Lead III than in Lead I. In none of 
the concordant tracings was the amplitude of R in Lead III as great as 
that in Lead I. In two experiments T was slightly positive, in two 
slightly negative and in the other two iso-eleetrie. 

DISCUSSION 

The interpretation of the initial phases of human huudle-branch block 
curves advanced by Lewis is based upon anatomical consideration and 
the order of ventricular activation as determined in the dog and assumed 
to be similar in the human. Wilson® and Mann® have both pointed out 
that the conclusions derived from experiments on the canine heart 
should not be so applied without taking into consideration the marked 
differences between canine and human hearts in regard to the position 
of the anatomical axes and the angle of the interventricular septa. Wil- 
son has criticized Lewis’ analysis of the discordant levoeardiograms ob- 
tained by the latter in a small percentage of dogs because surface read- 
ings were taken from hearts in which the form of the levocardiogram 
was not investigated and compared with the electrical axis calculated 
from a discordant levocardiogram, a type known to be exceptional in 
the dog. Furthex’moi’e, the position of the canine heart with respect to 
the three standard leads varies from that of the human, and there is 
also a material difference in the distribution of the sub-branches of the 
right di'^dsion of the bundle. Lai*ge and important strands of conduc- 
tion tissue which bridge the cavity of the dog’s right ventricle are not 
found in man. 

Barker and liis collaborators,^ given an extraordinary opportunity to 
study the excitatory process in an exposed human heart, stimulated va- 
rious points on the surface of the two ventricles and simultaneously re- 
corded the three standard leads. AU the curves obtained from the right 
ventricle showed upward chief initial deflections in Lead I, while all 
those from the left ventricle were in the opposite direction. They fur- 
ther found that as the superior aspect of the heart was approached Leads 
II and III tended to become inverted, indicating that the form of the 
electrocardiogram of a ventricular extrasystole is dependent upon both 
the Purkinje system, right or left, to which if first spreads, and the level 
at which it enters the system. Available evidence indicates clearly that 
the form of a right ventricular extrasystole resembles the curve of left 
bundle-branch block and vice versa. Their concordant curves (chief 
deflections aU in the same direction) supported the conclusions arrived 
at by Lewis with regard to bundle-branch block, but their discordant 
curves (chief deflections opposite in Leads I and III) were in complete 
disagreement with his findings. Our results in the eat agree with those 
of Barker and his eoworkers. Whether the curves obtained were dis- 
cordant or concordant, division of the right main branch resulted in the 
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chief deflection in Lead I being dowmvavd, ^Yhi]c aflev division of Ihe 
left branch the chief deflection in Lead I was npAvard. 

Wilson and Herrmann'’ in their experiments on dogs obtained only 
concordant curves and the majority of Lewis' tracings wm-e also of this 
tj'pe. iWien all of these are analyzed, it. is found that in Lead I the 
chief initial deflection was downwardly directed Avhen the right, diyimon 
Avas cut, and in the opposite direction on transection of the left division. 
Our results ditfered from these in that at least, half of the curves were 
of the discordant type. However, when Lead T alone was considered, 
they were grossly similar to the above. It is a significant fact that in 
all of our curves, both concordant and discordant, the deflections wliich 
were most definitely of the type resembling those seen in humans were 
found in Lead T. Any deflections which did not correspond exactly to 
human curves (possibly due to a small part of the division Jiot having 
been cut) were present in Lead HI. Even in onr concordant. cin*ves, 
except in one instance, the chief deflection was always less in Lead 111 
than in Load I, revealing a tendency toward the discordant, type, 'rims 
it seems that in deciding on the division which has been aflected Lead 1 
is the important lead to study. 

Since Ave have no evidence at present to indicate that the architecture 
of the junctional tissue, the interventricular septal angle, the position 
of the heart relative to the standard limb leads or other anntomi(?al fac* 
tors in the eat more clo.sely rc-scmblc the l)nman anvmgemont than in 
the dog, Ave realize that our results cannot be considered completely de- 
eish'e Avith regard to the interpretation of human curves. 


SU.NANAATIV 

1. Experiments Averc performed on cals in Avliieh either the right or 
left diAusioii of the bundle of His Avas cut. 

2. Both concordant and discordant curves Avere obtained. On tran- 
secting tile right diAosion, the chief initial deflection in Lead I aatis doAVU- 
Avard in both types, but in Lead III it, Avas AipAvard in the discordant 
type and the reverse in the concordanl. On cutting the left division 
exactly opposite results Avere found. 

3. In analyzing the eui’A^es, the important lead to study in order to 
decide upon the location of the lesion appeared to be Lead I. 


1. Lewis, T.; Pliil. Tr. Roy. Soe. B. 226: 207, 

5.' MaimT’£ a/SJt 6 “ 

78, lollC. eizleitungssystm des Siiugclierliorwiis, Jena, G. Fischer, S7t- 

9. wSf P 70: 1, 3010 

wiisou, r., and Herrmann, G.: Heart 8: 22.9, 1921. 



AN ANALYSIS OF THE QRS COMPLEX OP THE 
ELE CTRO C AUDIO GRAM'^ 

Nathan M. Penichel, M.D. 

Brooklyn, N. Y. 

CONSIDERABLE evidence has aceumnlated which indicates that the 
^ electrocardiogram, previously interpreted as showing right bundle- 
branch block, probably is associated with a disturbance of conduction in 
the left bundle branch. This has cast some doubt upon the applicability 
of Einthoven’s mathematical principles to the abnormal ventricular 
complexes. It is the purpose of this analj^sis to demonstrate their ap- 
plicability as well as their value in understanding the form of the com- 
plexes observed in ventricular preponderance, bundle-branch block, and 
ventricular extrasystoles. 

There are certain limitations that must be borne in mind in using 
Einthoven -s method for the study of electrocardiograms. The conditions 
necessary for calculating the electrical axis by means of the equilateral 
triangle are approached only when the electrodes are situated in radially 
different directions and at a sufficient distance from the heart so that all 
points in the vicinity of each electrode are practically equipotential. 
(Prom the standpoint of potential distribution in a fluid-conducting 
medium, each electrode may then be considered at an almost infinite 
distance and therefore equidistant from the source.) "Wilson and 
Herrmann^’ ^ have shown that beyond 15 inches from the heart, there is 
very little potential difference between any two points along the same 
radial line. Accordingly, this method may be applied to records obtained 
from the usual limb electrodes but not to records taken with chest 
electrodes which are less than 15 inches from the center of the heart. 
With limb electrodes, only the potential differences generated along the 
frontal plane of the three electrodes are recorded in the standard leads. 
Consequently, anj'- part of the heart Avhich generates potential differences 
perpendicular to this plane does not influence the electrocardiogram. 

It is well known that the equilateral triangle and the electrical axes 
calculated from it are merely a schematic approximation of the electrical 
phenomena actually present in the heart and surrounding tissues. This 
was stressed by Einthoven® who noted, however, that there was sufficient 
correspondence for practical purposes. Slight variations in the inclina- 
tion of the axis cannot therefore be used for estimating changes in the 
direction of the electrical current produced in the heart. 

The wave of excitation probably consists of an advancing doublet of 
positive charges immediately followed by negative charges. This has 

*From the Medical Service of Dr. B. S. Oppenheimer, Montefiore Hospital, New 
York, N. Y. 
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recently been confirmed oxperimenlally l>y Craih' Avho also disproved the 
V n-hieh hvpothes-med Ihat rclalive nei.atnnty alone was de- 
ring the excilatory process. Accordingly, the elect ncal enerp 
o-cnerated hr an individual muscle fiber is a eonset, nonce of the potent lal 
difference created by this doublet. 'Phe electrical axis at any partu-ular 
interval represents the direction and is proportional to the magmtin c o 
a potential differonec which is the resultant of an algebraic summation 
of all the individual potential differences produced by activation in^ the 
heart at that time. The axis therefore indicates the predoniinaiil direc- 
tion of activation which usually corvesiiouds to the. direction oi activation 
in that sector of the heart generating the gnsitest potential cVifierenees 
at that moment. Craib stated that there could be no rpiaiilifative re- 
lation betw'een the voltage of the clectrocardiogi'c'uu and the weight oS the 
myocardium in the sense that one is directly proportional to the other. 
This follows if an increase in weight of (he muscle mass is so jiroportioned 
that the increments of the various .sectors balance each olln.u'. If, 
however, the increase in iveighl is localized to a sector in which llic 
e.xcifation wave eonr.ses in the same general direction, the voltage is af- 
fected. lYlion the fibers transmitting the excitation wave longitudinally 
are thicker in .such a sector, the potential difi'erenees generated lliere 
become proportionately greater and the resultant <*leetrocardiogram is 
influenced by this alteration.® If the excitation jiath is leiigthoiicd by 
inci'ease in length of the individual fibens, the ])otontial (liffcreueos la.st 
for a longer period and consequently alter the elect roeardiogram. 

In this analysis, the main part of the Qllfl deflection is considered. 
The initial part of the QKS complex has been dealt with in another 
article (Feniohel and KugcIF). For j)Uvposcs of comparison, the axis 
calculated at the time of the maximum deflections in the three leads i.s 
used, as this best represents excitation in the inajor mass of venlricnlai' 
musculature. Sometimes the maximum ])eaks in tlic throe leads do not 
occur simultaueou,sly but at .slightly different intervals. Since all the 
axes during the period of the maximum deflections usually lie in the 
same direction, a .similar sigiiificanec may he attached to any one of them. 

VEXTRreULAU PKEPOXDEUAXCF. 

Fig. 1 contains the sucee.ssivc electrical axes of llie QRS complexes 
from a normal electrocardiogram. In eonsf rueting the diagram, Lewis’" 
mpsurements and calculations were used.. Each standard lead was 
talcen s imultaneously with a direct chest lead so tliat the precise time 

* The foUowmi? formula: V= — S_ h 

27 rk(l '"f?- ( - -jj I Eovovns the Olstributlon of po- 

tfut m'Sncl .any point flUs- 

nidiviclual fibers*' prov'ided'thej” IP'Tn’the Ram"‘^'*- number and thickne‘;R of tbo 

reg stered between any t^^i, VeStrodes in ^ PotontikmUffei^neo 

lectly proportional to tbe maS ol ?beL nblrs. conducting AnedUim is di- 
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relations were known. At 0.0400 sec. the maximnm deflections occur in 
all three leads. The electrical axis at this time is at 55° and is directed 
downward and to the left. 

Fig. 2 is plotted from Lewis’ electrocardiogram of left ventricular 
preponderance which was obtained from a case of chronic nephritis with 
marked left ventricular hypertrophy. The most prominent initial ven- 
tricular deflection is upward in Lead I and downward in Lead III. The 



Pifr. 3. F(&. 4. 


Fig. 1. — The electrical axes of successive intervals during the QRS deflections of a 
normal electrocardiogram. Measurements and calculations from Lewis.® The measure- 
ments at 0.0400 sec., the time of the maximum deflections, are 6, 11, and 5 for Leads I, 
II, and III, respectively (in one-flfth millivolts). The length of each axis is drawn 
somewhat proportional to the manifest potential difference. The axis at the time of 
maximum deflection is designated by the transverse parallel lines. 

Fig. 2. — The axes of a left ventricular preponderance record. From Lewis. Values 
at time of maximum deflection are 11, 7, and -4. ■ . 

Pig. 3. — The axes of a right ventricular preponderance record. Prom Lewis. 
Values at time of maximum deflection are -1, 9.5, and 10.5. 

Pig. 4. — Comparison of the electrical axes of maximum deflection from the previous 
three figures. 

maximum deflection occurs at 0.0550 sec. and the electrical axis is at 8°, 
pointing almost directly toward the left. During successive intervals, a 
gradual upward rotation of the electrical axes is evident. This is prob- 
ably due to the influence of the upward inclining potential differences 
from the later activated basal portions. 
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Fig, 3 presents the axes from Lewis’ record of iJM P"'' 

ponderanee observed in a case of mitral stenosis with marhed i.Jrt sen 
tieular hypertrophy. The principal initial deflection is do™wau 
Lead I and upward in Lead III, Here, the maximum of the initial de- 
flection is at 0.0500 sec. and its electrical axis is at 95°, downward and 

slightly to the right. _ ' 

In Pig. 4 are contrasted the electrical axes at the time of maximum 

deflection for the three eases given above. The axis for the left ven- 
trienlar preponderance has rotated to the left of the normal position, 
while the axis for the right Yentrieular preponderance lias rotated to 
the right. The rotation of the axis in either case is probably due to 
the electrical predominance of the wall of the hypertrophied chambei, 
where potential differences of greater magnitude and longer duration 
are produced by the activation of the widened and elongated muscle 
fibers. 

The QRS interval in an electrocardiogram showing left ventricular 
preponderance is often found to be widened to as much as 0.12 sec. This 
is probably dependent upon tlie additional time necessary for activating 
the thicker walls of the hypertrophied chamber. The alteration in the 
conduction system as a result of dilatation of the chamber may also be 
a factor in the delay. 

For general usage in the interpretation of electrocardiograms, the 
term axis deviation is preferable to ventricular preponderance, since 
records resembling those of the latter are obtained from normal indi- 
viduals without any evidence of ventricular hypertrophy. In such 
instances, the axis deviation is probably due to the variation in anatomi- 
cal relations of the ventricles. Left axis deviation records are often 
observed in sthenic individuals with broad horizontal hearts, while right 
axis deviation records are seen in asthenic indivduals with long vertical 
hearts. 

BUNDLE-BRANCH BLOCKS IN DOGS 

In the normal electrocardiogram of a dog Wilson and Herrmann^ ob- 
served a QRS interval of 0.043 sec. On cutting the right bundle braiicli 
in this dog the interval Avas increased to 0.067 sec. The difference of 
0.024 see. may then be regarded as the time lost in the aberrant course of 
the excitation wave traveling through the’ septum from the left side to 
the right Purkinje network. These observers then recorded normal ven- 
tricular complexes from the same animal by means of properljr timed 
stimuli to the comis region of the right A^entricle. A delay of 0,03 seconds 
or more m the stimulation of the right ventricle resulted in complexes 
of right bimdle-branch block, while less delay yielded complexes which 
were transitional between normal and right bundle-branch block It is 
therefore evident that during the registration of the right bundle-branch 
complexes, diffuse muscular excitation in the right ventricle began about 
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0.03 see. later than in the left ventricle. IMoreover, since the normal 
activation of both ventricles required only 0.043 see., electrical activity 
in the intact left ventricle vms practically completed at 0.04 see. and 
entirely over at 0.05 see., at Avhich periods the maximum deflections of 
the aberrant complexes were recorded. Thus it is seen that the maxi- 
mum deflections of the right bundle-branch complexes represented prin- 
cipally the potential differences of the delayed right ventricular activa- 
tion which was no longer opposed by the normal left ventricular activa- 
tion. 

The initial ventricular deflections are observed to-be higher after sec- 
tion of either bundle branch. This is probably an effect of the nn- 
neutralized potential differences produced by the ventricle with the 
damaged bundle branch. There is no basis for assuming the alternative, 
that a larger total of potential differences is generated by such a heart. 
In the transitional complexes of less width, mentioned above, the deflec- 
tions are not as prominent, since there is less disturbance of the normal 
balance. 

On cutting the right bundle branch in dogs, Lewis, and also "Wilson 
and Herrmann," rather co^^sistently obtained concordant records with 
the most pronounced part of the initial ventricular deflection negative 
in the three leads. Wilson and HeiTmann later cut the remaining left 
branch and secured electroeardiogi’ams of complete heart-block. Both 
observers autopsied all hearts and confirmed the site of the right bundle- 
branch incision, so that the accuracy of their work can hardly be 
questioned. On Lvo occasions when the right bundle branch was 
clamped, Lewis obtained definitely discordant records with upward 
initial ventricular deflections in Lead I. In analyzing the levocardio- 
gram, he utilized the latter I'eeoi’ds which can hardly be considered 
ideal for experimental deductions, since the preoperative electrocardio- 
grams showed unusually high R-waves in Lead I. 

Fig. 5 is plotted from one of Lewis’ concordant electrocardiograms 
with principal deflections downward in all three leads, recorded after 
section of the right bundle branch. In the tabulation, Lewis presented 
the measurements for only part of the QRS interval, to 0.0550 see. 
After this time, at which the peaks occur in the three leads, the com- 
plexes return to the iso-electric line without ever becoming positive. 
Therefore, all the electrical axes at later intervals are in the same quad- 
rant, upward and to the right. Hence, the actual values bejmnd 0.0550 
sec. are not necessary for this analysis. 

Until about 0.0250 see., the axis is principally directed downward 
and to the left (at 0.0200 see. when the early deflections are most prom- 
inent). Probably this is due to activation in the intact left ventricle 
which, to some extent, is balanced by simultaneous septal excitation. 
After this, the principal deflection appears, and with it there occurs 
an abrupt rotation of the electrical axis. At 0.0550 sec., the time of 
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Fig. 5. — ^The axes of a record obtained after severing the right bundle-branch in the 
dog’s heart. From L/ewis. Values at time of maximum deflection at -5, -15, and -10 
(in one- tenth millivolts). 

Fig. 6. — The axes of a record following incision of the left hundle-branch in the 
dog’s heart. From Lewis. Values at time of maximum deflection are 4.5, 12.5, and 8. 

Fig. 7. — ^The axes from an electrocardiogram of tlie infrequent type of hundle- 
branch block in man. From Lewis. Values at time of maximum deflection are -12.5, 
-7.5, and 5. 

Fig. 8.— The axes from an electrocardiogram of the common type of bundle-branch 
block (Fig. 10). From a case at Monteflore Hospital. At autopsy, the heart showed 
marked fibrosis of the entire left side of the interventricular septum. The deflections 
at successive Intervals were measured with a comparator. The values at time of max- 
imum deflection are 11, -11, and -22. 


well as to the right of the other ventricle, and its basilar region has 
more mass than its apical region which rests on the interventricular 
septum. Thus, the I'ight ventricle in situ resembles an inverted cone. 
This may account for the marked upward inclination of the axis at the 
time of maximum deflection, for its direction suggests relative prepon- 
derance of the base of that chamber. 
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Tlie initial yentricular complexes obtained by Lewis, and by Wilson 
and Herrmann, after cutting the left bundle branch in the dog, are 
also concordant with the main deflection upward in the three leads. 
Fig. 6 is charted from one of Lewis’ records. Here all the axes are 
directed, downward and to the left. At 0.0400-0.0450 sec., the tme of 
maximum deflection, the preponderant direction of activation is accord- 
ingly downward and to the left. Since the dog’s left ventricle simu- 
lates an upright cone, the direction of these axes can be correlated with 
the main line of excitation in the left chamber. During the early inter- 
vals, the axis is not directed to the right. Septal activation, occurring 
simultaneously with excitation in the comparatively thin right ven- 
tricular musculature, probably overcomes any such tendency. 

On inspecting the above two analyses, it is seen that the axis at the 
time of maximum deflection points in the direction of the chamber 



Fig. 9. — Schematic representation of activation in the dog's ventricles after cutting 
the right bundle-branch. The shaded part indicates the area activated before or at 
0.03 sec. The axis at 0.02 sec. conforms to the predominant direction of earlier acUva- 
tion in the left ventricle. The axis at 0.055 sec. corresponds to the predominant direc- 
tion of later activation in the right ventricle. 

whose bimdle-braneh conduction is impaired, thus representing the 
activation in the outer wall of that chamber. Sloreover, the dextrocar- 
diogram of Lewis (the ventricular complexes observed after severing 
the left branch) is a representation of activation in the intact right 
ventricle for approximately only the first third of the QRS interval; 
and the main part of the complex, which occurs after this, essentially 
represents the unopposed activation in the wall of the left ventricle. 
Similar conclusions foUow in regard to the levocardiogram. Algebraic 
summation of the dextrocardiogram and levocardiogram gives a com- 
plex resembling the normal complex for only the first third of their 
intervals or for over half of the normal QRS interval. During this 
time, the potential differences of relatively normal activation of the 
I’ight ventricle are added to those of the left ventricle. The slight 
difference obseiwed between the calculated and the normal complexes 
is due to the abnormal septal activation. Probably, in bimdle-branch 
block the entire septal waU is activated from the intact side, while in 
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,l.c Mvmal hoavl aaah half of .ho aophu,, is ao.iyalocl Inm, i.s own 
sMo To some os.cnt, the iiotonluil difloromK anstn.j ,nni Ihc. mii- 
directional, and conswincntly slightly i.rolongod ao.ivalion ol ll.o inns- 
onlar soptn.n noutraliao ll.oso rosnlling from siinnltancons aolivatnm ... 
the wall of llic i..taol venlriclo. This .....y aeo.m... for tl.o low yollagos 
recorclctl during the fn-st Ihi. d of the QltS inlorval in roro.-ds of Inmdlo- 

branch block. ^ , 

LcAvis rccorclod Iho time of arrival of the excitation wave over the 

surface of the right ventricle in a dog with right bundle-branch block. 
At 0.0294 see. after the beginning of the initial ventricular dcllcction 
in thelimnltancous axial lead, the region of the right ventricle just 
lateral to the interventricular groove showed aetivity. The levoeardio- 
grum at 0.0400-0.0550 sec. eauuol therefore be eonsidi'red as repre.sent- 
hig only left voutrieular excitation when tbere is direct evidence that 
a part of the right chamher is aetivated before this time. Fig. !) i.s a 
schematic representation of activation at 0.0500 sec. in the dog .s ven- 
tricles following severance of the right hnndhvhranch. 


nuNnER-nuAxen ni.orK ix max 


Before analyzing human electrocardiograms of hnndle-hraneh block, 
note sliould be made of .some of the e.ssential difi'crenoes between tlie 
human and the canine lioart. The left ventricle in man lies posterior 
to and to the left of the right ventricle. Since the three ordinary leads 
record only potential difi'ercnces along the frontal plane, the two ven- 
tricles can be rcgai'dcd as lying lateral to each oilier. Tn the frontal 
plane of the dog, on the other hand, the right ventricle lie.s above as 
well as to the right of the other chamher. The QBS interval of the 
normal complex in man hi.sls from 0.05 sec. to 0.08 see., wliile in huiidle- 
branch block this interval is prolonged from 0.12 .sec. to 0.16 sec. As 
in the clog, the time delay is probably due to the Inter activation of 


the ventricle, homolatoral to the bundle-hranch block. These figures 
are about double the corre.spondiiig measnreinonts in tlic dog, the human 
heart being larger and its musculature thicker. Comidexc.s wiiich are 
transitional between normal and hnndle-hraneli block arc al.so seen in 
man, and the QRS intervals arc accordingly intermediate in clnrnlion. 
Hence, the interpretation of elect rocardiogrnm.s with left axis devia- 
tion, inverted T-wave in Load I, and normal QBS interval (less than 
0.11 sec. which is observed in ventricular propondoraucc alone) as in- 
complete bundle-branch block by Luten and (7rovc« is unwarranted. 
A normal QRS interval infers simultaneous activation in both ehaiiibors. 

measurements of an electrocardiognim 
Ho.spital, showing the common tvpc of 
bundle-hianch block with principal initial ventricular deflection upward 
in Lead I and downward in Lead III. TIioso curves were not taken 
simultaneously with a chest lead but were moved until eH-e., = co. At 



the AMERICAN HEART JOURNAL 

autopsy the heart of this patient showed marked fibrosis of the entire 
left side of the septum. The right side of the septum was intact.. At 
0.0800 sec., the time of the maximum defiection, the electrical axis 
points upward and to the left. The axis at maximum deflection in a 
similar record reported by Lewis, was inclined directly toward the 
left (S®). Since at 0.0800 sec. the normal QES complex would he 
either completed or at least beyond the maximum deflection, the excita- 
tion in the intact ventricle at this time may be considered almost at 
an end. Accordingly, at the time of maximum potential, the axis indi- 
cates the unbalanced activation of the delayed ventricle. From its 



Fig. 10. — The common type of bundle-branch block. QRS interval 0.14 sec. In 
Lead II, there is a left ventricular extrasystole appearing immediately after the 
P-wave. This may be explained by tlie onset of an independent left ventricular excita- 
tion process which follows a short time after the normal onset of excitation in tlie 
sino-auricular node. 

left direction, it can represent only predominant activation in the 
Avail of the left ventricle, and, therefore, the electrocardiogram in ques- 
tion should be interpreted as left bundle-branch block. As in the dog, 
the axis of maximum deflection points in the direction of the chamber 
Avhose bundle branch is blocked. The counterclockwise rotation of the 
suecessiAm axes may be explained by the later actiAmtion of the basilar 
portion of the left A’^entricle where the excitation wave has an upward 
inclination. 

In his interpretation of a similar electrocardiogram, LeAvis consid- 
ered the axes at early interAmls as representing septal activation, and 
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at later intervals (0.0700 see.) as representing lateral will 
in the intnet left venU-ielo. Tl.orerore, Ihe eo.np ex 
canliop-a... tine io risW hmnllc-bnn.ol. I.h.e.-. but al ^ 

tvell as nnlil (he eml ot the QHS interval, the axes are Mrll <1.. lUil 
to the left His analysis revealed no evidence oi a snhseiinent actui > 
in the right ventricle, anti, therefore, Itis levoear.liograin represented 
an isolated contraction of the left ventricle. Tile intev|)rclation pre- 
sented Iicro explains the aclivation of hnlii elmmhers and corresinmds 
to the experimental xvoric in dogs. In II120 h'ahr." ftann eonsideralnnis 
based upon the theory oi! mass negativity during activation, interpreted 
the type of record under consideration as left Imndlc-hranch block. 

Fig. 7 is plotted from Lewis' electrocardiogram of the less common 
type'^of Imndlc-hranch block ^Yiih principal detlirclion downward in 
Lead I and upward in Lend TIT. At 0.0500-0,0700 sec. the greatest 
amplitudes occur, and the axes are pointed almost directly toward tlie 
right. Their time and direction indicate a later unbalanced right ven- 
tricular excitation, and the electrocardiogram .should he intei-preted as 
right bunclle-branch block. The axis at the. time of maximum deneefion 
thus points toward the chamher whose, hundle-hraueh conduction j.s 
impaired. In the early intervals, the direction of the axis is jirobably 
the result of predominance of loft ventricular excilalion over aberrant 
septal activation. 

The principal phasc.s of the QKS comidexes in tlio three leatl.s are 
e.ssentially the same in right Inindle-hranch block and rigid venfneulnr 
preponderance, since the principal detleclion.s of llm former are due 
to the nnoppo.sod jiotcntial difforcnec.s of the rctiinlcd right chamber, 
while in the latter they result from the ]n’odominaut potential differ- 
cnees of the hyiievtropliicd right eliamher. A corresponding similarity 
is present in regard to left Imndle-hraneh block and left ventrieular 
preponderance, A combination of the two conditions in the same 
chamher accordingly prodnce.s deflect ion.s of oven greater voltage. TIu' 
common t^po of hnndle-hraneh block ocenr.s frecjuently in patients 
with hypertension and left ventricular hypertrojdiy. Hence the com- 
plexes are often higher tlian those of right hundle-bvanch blorli records, 
where concomitant right ventricular hypertrophy is infrequent. Bun- 
dle-branch block is dilTerontiatcd by its wider and notched QBF5 com- 
plexes which are opposite in phase to the T-wavo.s in all tlircc leads. 
Presumably, the notching is caused by the irregular generation of 
potential differences on account of delayed activation in one. ventricle 
(uilson and Herrmann'). Di.splacement’of the heart to the left also 
amplifies the principal dencctions of left huncllc-braneh block. Com- 
mations of right or left hiiiidlc-braneli block with vcni.rienlar prepon- 
derance or heart displacement can thus produce many atvpiL and 
confusing records with a wide QUS interval. Hi addition, consider-ahlc 
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plexiial or pericardial fluid may reduce tlie voltage and so distort the 
record (Oppenheimer and Mann^®). 

FUNCTIONAL INTRAVENTRICULAR CONDUCTION DISTURBANCES 

Electrocardiograms of bundle-branch block are most frequently seen 
in cases of coronary artery disease with degenerative changes and 
fibrosis in the myocardium. A functional impairment in conduction is 
probably a contributory factor in some eases where no organic lesion 
is demonstrable in either hundle-branch. With the rapid ventricular 
rate accompanying auricular fibrillation, the electrocardiogram fre- 
quently exhibits such imjiairment in conduction. 

WolfiE, Parkinson and White^^ recently reported eleven records of 
bundle-branch block obtained from healthy young individuals without 
any evidence of heart disease. The P-R intervals in their tracings are 
unusually short (often less than 0.1 sec.), so that the wide QRS com- 
plexes immediately follow the P-waves without any intervening iso-elec- 
tric period. Normal complexes preceded by normal P-R intervals were 
often recorded in this series after release of vagal tone by exercise or 
atropinization. In the electrocardiogram of one case manifesting an 
abrupt change from the normal to the abnormal complex, the P-S 
intervals of both are found to be equal. This means that there is no 
additional time taken for the entire excitation process from its onset 
in the sino-auricular node to its completion in the ventricles. Hence, 
it is suggested that the mechanism is a functional bundle-branch lead 
rather than block. For some unexplained reason, perhai^s vagal influ- 
ence, there is no retardation at the auriculoventricular node of the 
aiu’icular impulse to one bundle branch, while the other branch receives 
its impulse after the normal delay. A left bundle-branch lead would 
then give ventricular deflections identical with those of right bundle- 
branch block. Another possibility is that there is present in one ventri- 
cle a secondary center which under the influence of the extracardiac 
nerves stimulates that ventricle at a fixed time after the onset of the 
sino-auricular impulse. It is interesting to note that Wilson and 
Herrmann have obtained similar records in dogs on stimulating the 
right ventricle after cutting the right bundle bi'anch. In one of their 
records where the direct excitation of the right ventricle preceded the 
intact left supraventricular activation by 0.031 sec., the vdde QRS 
complexes of complete left bundle-branch block followed immediately 
after the P-wave. The left ventricular extrasystole in Pig. 10 also 
resembles the unusual complexes seen in Wolff, Parkinson and White’s 
records. 

VENTRICULAR EXTRASYSTOLES IN' DOGS 

It is well known that the complexes of ventricular extrasystoles are 
similar to those of bundle-branch block. On direct stimulation of either 
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ventricle the excitation wave travels tlirongli the nraseular ivall to lie 
endocarium where it spreads rapidly thronghont the entire ventii 1 
by means of the Purldnje network. Lewis has shoym that a sm 
nLliminary deflection results from the passage of the wa%e through 
L thick muscular wall, and that the more prominent QES wave begins 
with the onset of widespread ventricular activation. The aheiiant 
course of the excitation wave to the second ventricle, probably through 
the septum, results in retarded and unbalanced activation in that cham- 
ber. The resemblance of the complexes of right ventricular extuasys- 
toles and left bundle-branch block can thus be understood. 

In 1913, Kothberger and IVinterberg'= studied the form of the com- 
plexes obtained on direct electrical stimulation of the dog’s ventricles at 
various points. The electrodes of Lead I were connected to the forelegs. 
The electrodes of Lead 11 were placed in a vertical line, one electrode 
being inserted into the esophagus and the other into the anus. These 
observers ivere primarily interested in the form of the ventricular com- 
plexes and so did not carefully standardize their electrocardiograms. 
The normal as ivell as the extrasystolie complexes ivere recorded in both 
leads. 

On scrutinizing their recorded extrasystolie complexes, it is seen that 
the electrical axes of the principal deflections are directed toward the 
later activated ventricle. A comiflex ivith the principal deflection up- 
ward in Lead I w'as obtained upon stimulation at all points on the right 
ventricle. The positive deflection indicates that all the axes at the time 
of maximum amplitude point toivard the left (Lead I represents the 
horizontal vector of the electrical axis). On stimulation of the surface 
of the left ventricle, a complex ivith a negative principal deflection in 
Lead I ivas obtained at all points but three, wAich are located at the 
apex near the interventricular sulcus. Thus, all left ventricular axes 
except those calculated from points on the apex are directed toward the 
right. 

The initial ventricular deflections from the three points at the aj)ex 
of the left ventricle are found to be of almost normal width ivhen the 
Xnelimiiiary deflections,. due to the initial passage of the excitation ivave 
through the thick muscle wall, are not included. By direct electrical 
stimulation at the apex of the left ventricle, Lewis obtained similar 
intermediate complexes for some distance to the left of the inter- 
ventricular sulcus. Such complexes also resemble the transitional type 
winch Wilson and Herrmann produced by slightly delayed stimidation 
0 the ventricle wuth a severed bundle branch. In each instance the type 
0 comp ex is dependent upon almost simultaneous activation in both 
ventricles. Accordingly, it can be seen why the axes of the complexes 
obtained at the_ apex by Rothberger and Winterberg approximate the 
normal axis which is directed toward the left (in the doo- the main de 
flection of the normal QES complex in Lead I is upwa^). 
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Upon stimulation at the left apex, more rapid conduction along the 
longer path to the right Purkinje netAvork may account for the approxi- 
mately simultaneous actiAmtion of the tAAio ventricles. In his ohsei-A^ations 
on the, course of the excitation AAmve in the auricles, Lends found the con- 
duction rate to be 1252 mm. per second along the interaurieular band, 
AAdiereas it Avas only 588 mm. per second near the superior vena cava! 
This difference in rate, he attributed to the oblique direction of the fibers 
along the latter path. Therefore, it may be assumed that muscle fibers 
conduct the excitation Avave more r-apidly along their long axes. On 
section of the heart, LeAvis observed that the muscle fibers at the left 
apex coursed laterally toAvard the right ventricle. Hence, the more 
rapid conduction of the excitation Avave to the right ventricle is prob- 




Fig. 11. — Diagrams of the anterior and postei’ior surfaces of the dog’s ventricles 
with Rothberger and AVinterberg's points of stimulation. The axis charted at each 
point is calculated from the abnormal QRS complexes which they obtained upon stimu- 
lation at that point. 

ably due to transmission along the length of the fibers, Aihile conduction 
to the left ventricle occurs across the fibers. 

In the experiments of Rothberger and Winterberg, Lead I is prac- 
tically at right angles to Lead II, and since they represent respectively, 
the horizontal and vertical projections of the electrical axis, the latter 
can be calculated. In vieAV of the fact that the ratio of the maximum 
amplitudes of the normal complexes in both leads is fairly constant, 
standardization for comparative study is possible. This has been ac- 
complished by correcting the values of the maximum deflections of the 
extrasystolic complexes in proportion to a fixed ratio of the normal com- 
plexes. Because of the use of four different dogs and the presence of 
overshooting in several records, some margin of error is to be expected. 
The error is found to be relatively slight in comparison AAuth the marked 
variation in the complexes recorded at the different points of stimulation. 

Diagrams are presented of the anterior and posterior surfaces of the 
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do^’s heart Mith the points of stimniation (Fig. 11). The axes charted 
1 the^ are caWated from the maxhnnm dotloetums ol the ab- 
normal complexes in their records. As noted above ^le axes 
on the surface of the right ventricle point toward the Icti. L. c ] _ 
the apical region, all left ventricular points show a deviation ol Ihci 
axes toward the right. A regular rotation of the electrical axes is seen 
from cephalic to caudal points. The axes of the former have a downward 
direction while those of the latter incline upward. _ The explanation of 
the right or left direction is presented in the discussion of bnndle-hranch 
block. The rotation of the axes between superior and inferior points of 
the same ventricle is considered later. 


EXTRASYSTOLES PIlODl'CED IX MAX 

Barker, Macleod, and AlcxandcF"- recently obtained electrocardio- 
grams following direct electrical stimnlatioii of the luimaii heart, llie 
subject had streiitoeoeciis pericarditis for which the pericardial sac was 
widely opened after the resection of several ribs. Tlie lower portion of 
the ventricles being thus exposed, the relations of tlic points of stimula- 
tion could he determiiiod fairly accurately. The ventricular complexes 
which they obtained resemble those of ventricular extrasystole.s and 
biiudlc-branch block seen in clinical electrocardiograms, Tlie. main 
initial ventricular deflection is upward iu Lead I for all points on the 
sux'face of the right ventricle, and downward for all points on the surface 
of the left ventricle. Hence, the principal deflections in Lead I are in 
the same phase as those of hundle-hranch block of the opposite chamber. 
A preliminary deflection due to tlie pa.ssagc of the excitation wave 
through the muscle wall is also seen in the complexes from points on the 
left ventricle. 

In Fig. 12 are charted the electrical axes of maximum deflection at 
the points of origin. Any inaccuracy in measuring the maximum de- 
flections in their records is almost negligible in comparison with the 
marked variations of the complexes at the ditlercnt points of stimnlatioii. 
The axes of all right ventricular points arc directed toivard the left, 
while the opposite holds true for points on the surface of the left ven- 
tricle. In each instance, the axis is directed toward the later excited 
chamber. 


Barker et al observed prominent variations of the main deflections in 
Leads II and III between eeplialie and caudal points of the same ven- 
B’lele (points 10, 7, 6, 4). At point 10, the main deflections were upward 
in Lead II and Lead III, while at point 4 they were downward in the 
two lea Since the main deflections in Lead I were upward at both 
points the complexes of point 10 were concordant and those of point 4 
discordant They suggested that this probably resulted from the altered 
order in which various portions of the ventricles became active. 

n analysis of the electrical axes yields an explanation for these varia- 
lons in he complexes. On observing the electrical axes in Fig. 12, a 
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regular rotation is evident at points along a vertical line. The axes of 
the superior points of each chamber have a dowuAvard direction while 
those of inferior points have an upAvard direction. The same observation 
IS noted in the forced ventricular contractions produced by Eothberger 
and Winterberg in the dog’s heart (Fig. 11). During normal activation 
in either ventricle, the many divisions of the bundle branch distribute 
the excitation u’ave rapidlj^ oimr the entire Purkinje netivork so that the 
various regions ditfer only slightly in the time of arrival of the excitation 
wave (in proportion to tlieir distance from the bundle branch, the 



Fig. 12. — Diagrams of the lower anterior and posterior surfaces of the human 
ventricles showing Barker, Macleod, and Alexander's points of stimulation with the 
axes calculated from the recorded complexes. 


basilar regions reeehdug the ivave somewhat later). Wlien, however, 
either Amntriele is stimulated at a cephalic point, the underlying Purkinje 
netivork transmits the excitation ivaim to the superior half of that ven- 
tricle first. Since the lotver portion of this ventricle is activated later, 
part of its excitation remains to oppose the delayed excitation in the 
other Amntriele. Consequently, the downivard directed potential dif- 
ferences generated by the loiver portion of the first ventricle divert the 
electrical axis of maximum deflection, resulting essentially from activa- 
tion in the wall of the second ventricle, someAAhat doAvnward. In a 
similar manner, upon stimulation at a caudal point, the upward inclined 
potential differences generated in tlie later excited superior portion of 
the first ventricle elevate the axis of maximum deflection. Furthermore, 
the axis of an intermediate point ajiproximates that of a bundle-branch 
block of the opposite chamber. The axis at point 7 is 30° upivard and 
to the left, whereas the axis of maximum deflection in the record of left 
bundle-branch block in man, presented aboAm, is 60° upAvard and to the 
left. The axis of point 2 is 15° upAvard and to the right, Aihile the axis 
in the record of right bundle-branch block is 5° upward and to the 
right. 

In clinical electrocardiograms, it is possible that the exact origin of a 
ventricular extrasystole ma}’" be ascertained after calculating its axis of 
maximum potential and comjiaring it Aidth those charted in Fig. 12. In 
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the experiments of Barkov ot al, the outer surface of the vouiviolc ^as 
stiimilatecl whereas venti-icular premature beats are thought, o anse 
Sr tfin the Purldnie tissue. This aitToreucc in the origin o the 
impulse mey alter ll.c time at uhiel. various regious ot the vcutnele are 
activated, so tliat comparison is not fully .iiistifiaWe. lu a< i ' 'o’>, ’ 
conditions, such as prcpomlcraucc in oue veulriclc or postlion ol the 
heart, atfcct tiic direction of any axis and offset, cnlcnlations. 
theless, it is reasonably certain that a prematnre ventricular contraction 
originates in the right ventricle, if its main QBS deffcction is upward 
in Lead I, while a main downward dctlcctiou in Lead I signilios lelt 

ventricular origin. 

■Wilson, klacleod, and Barker’' recently demonstrated the inadccpiacy 
of Lewis’ interpretation of the parlicnlnr side involved in either t>pc 
of bundle-branch block and presented a nomeuclalure similar to the one 
in this paper. However, in applying the principles of excitation de- 
duced from the hypothetical shell of muscle to the excitatory proce.ss in 
the ventricles, Wilson and his associates disregarded some of Lewis' well- 
established observations. During normal ventricular activation, they as- 
sumed that the entire endocardium as well as the adjacent muscle tissue 
becomes activated almost simultnucously. Accordingly, the direction of 
the electrical axis becomes essentially an inverse function of the ven- 
tricular breaks or openings where no o})posing electromotive force cxi.sts. 
Yet there is sufficient evidence to indicate that the various endocardial 
regions are not activated simultaneously and that the entire QBS inter- 
val is not reciuired for excitation of the ninsele walls alone, fjcwis and 
Rothschild’s endocardial readings show a very rapid, almost simul- 
taneous, activation in the dog’s right ventricle, but tins may he due to 
the special bridge of couducting tissue wliicb extends across the chamber. 
The endoeai’dial readings in the left ventricle were iiot considered vei'y 
reliable becanse of the disturbing influence of the strong muscular coil- 
tractions, Nevertl}ele.ss, the epieardial reading.s of both ventricles ])oiut. 
to a later activation of the bases that cannot be accounted for solely by 
the thickness of the underlying muscle wall. Although conductivity in 
the specialized conducting tissue is five to ton limes more rapid than in 
the Oldinary myocardium, the path through the former is at least live 
to ten times longer than that througli the thickest part of the ventricular ' 
wall. It is therefore more reasonable to infer that the time necessary for 
the impulse to reaeli any point of tlie endocardium is directly propor- 
tional to the distance from its bundle branch and that the activation of 
the nearer muscular regions dominates the early QRS deflections. Hence 
a correlation of the electrical axis with the particular regions probably 
aeti^mted at that time appears to be a more direct and less complex 
method ot ana yzing tlie excitatory procc.ss than the method in which a 
eoirelation with the ventricular openings is sought. In accordance witli 
Lewis concept, the QRS interval can readily be divided into an early 
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peiiod, approximately tlie first third representing excitation principal^ 
m the septum and adjacent inferior portions of both ventricles, and a 
later period containing the maximum deflection and representing lateral 
wall and basal excitation. A division into shorter periods is imprac- 
ticable because of considerable overlapping in the time of activation of 
different sectors. 

The form of the canine electrocardiogram is definitely altered by 
cutting the anterior or posterior division of the left bundle branch while 
the QES interval remains unaffected. This would favor the view that 
a disturbance of the normal order of activation has occurred in that 
chamber, i.e., the activation of the region previously supplied by the 
incised dmsion becomes somewhat delayed, although its excitation still 
occurs before the process is completed at the base. It is difficult to ac- 
count for such an alteration merelj’- bj'’ a modification in the tangential 
components which may be accurately applicable to the hypothetical shell 
of muscle hut not to the heart, where several distorting factors are 
present. While the tangential components dominate the electrical ef- 
fects produced by the endocardial network, the voltage from this source 
is too small to be recorded in the electrocardiogram. Even "with a com- 
plete reversal of the direction of the excitation wave in the endocardial 
network, the influence of the tangential components upon the path in 
the muscle tissue is quite small, inclining the line of excitation only 11° 
to 23° from the normal line (2a where tan a = 1/10 to 1/5). Moreover 
anj’’ tendency of varying tangential components to divert the excitation 
wave from the usual path is offset by the fixed postion of the individual 
muscle fibers in relation to the endocardial network from which the im- 
pulse is received, and by the constant conduction of the excitation wave 
along the length of the individual fibers, since longitudinal transmission 
is probably more rapid. 

Wilson, Macleod, and Barker maintained that the prominent deflec- 
tions of the QES complexes in bundle-branch block are primarily due to 
the aberrant activation of the entire septum from the intact side, and 
they therefore stressed the importance of the position of the septum. 
But we have sufficient data available to believe that the septum is acti- 
vated fairly earty, and this appears likely since the septum is nearest 
to the intact bundle branch. Subsequent to severance of the right 
bundle branch, right ventricular activity just be 5 ’’ond the intraven- 
tricular groove was detected at 0.0291 sec. by Lewis and Eothschild 
whereas the maximum deflection of the abnormal complex usually oc- 
curs later (about 0.04-0.055 sec. in the dog). Wilson and his coworkers 
statement that the later and major part of the canine dextrocardiogram 
may be attributed to the electrical effects of activation of the septum and 
right apical region is open to the criticism that time relations were not 
considered, for Lewis and Eothschild showed that in the intact heart 
the outer surface of the right apex usually becomes active at 0.0120 see. 
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According to AYiLson, Macleod, and Barker, the major deflections re- 
corded in h^Tortrophy of one ventricle may be a consequence ot 11 
aimmented electrical effects of tlie opposite half, of the liypertroplucd 
septum Althongb the septnm is hypertrophied, the effects of activation 
entering from one side tend to neutralize those of simnltaneons activa- 
tion from the other side. The concept advanced in this paper is similar 
to their alternative vien, that the axis deviation may he due to increased 
electrical effects from the nail of the hypertrophied ventricle. The pre- 
liminary deflections in ventricular ]n'eponderancc arc correlated nith 
septal position in a previous communication (Fenichcl and luigell). 
There is at present no basis for assuming that they arc sequential to 
some delayed activation in the h^qiertrophied chamber. 


SUMMARY 

1. In ventricular preponderance, the deviation of the electrical axis is 
probably an effect of the greater potential differences generated by the 
nail of the more hypertrophied ventricle. 

2. The principal initial ventricular deflections of bundle-branch block 
represent the unopposed potential differences of dcla.yed activation in 
the nail of the ventricle nith impaired conduction. 

3. The principal deflections of veirtricular cxtrasy.stoles result from the 
unopposed potential differences of delayed activation in the ventricle, 
contralateral to the one from nhieh the excitation impulse arises. 

Note at time of correction of proof; The rceont cxperiniontnl studies of buudle- 
braucii block in tlic cat by Eoberts, Crawford, Abramson and Cardwell'^ are also 
contrary to the former interpretation of bmidlc-braneli block. In Lead I they 
obtained a negative principal deflection after incision of tbc right bundle branch 
and a positive principal deflection after incision of flic left bundle brancli. 
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CHANGES IN THE ELECTEOCARDIOGRAM IN THE COURSE 
OF PERICARDIAL EFFUSION WITH PARACENTESIS 
AND PERICARDIOTOMY^t 

John HAR^w, M.D., and John W. Scott, M.D. 

Lexington, Ky. 

'P'LBCTROCARDIOGRAi\IS obtained soon after coronary occlusion 
liave so regularly shown the R- or S-T segments originating on the 
terminal limb of R or S before the latter reaches the iso-electric level, 
that such findings have been considered almost pathognomonic of acute 
coronary closure. 

In the experimental animal such R- or S-T abnormalities have been ob- 
served after coronaiy ligation,^’ - after injection of toxic material into 
the muscle of the ventricle,' after a toxic dose of digitalis, ■* after injec- 
tion of fluid into the pericardium,® and during induced general 
anoxemia.® 

That such “plateau tj^ie” R-T segements may occur in clinical con- 
ditions other than coronary occlusion was first shown by Scott, Eeil and 
Katz," who in 1929 reported this finding in a case of aneurism ruptured 
into the pericardium and in a case of purulent pericardial effusion. In 
neither instance was coronary disease found at autopsy. These authors 
attributed the electrocardiographic changes to increased hydrostatic 
pressure in the pericardial sac which, in their opinion, caused anoxemia 
of the heart muscle. Shearer,® and later Master and his associates® re- 
ported the occurrence of this abnormality of the electrocardiogram in 
the course of lobar pneumonia with a subsequent retnrn to normal in 
the patients who recovered. 

We have had the opportunity to observe a patient with pneumoeoccic 
pericarditis with effusion, in the course of which paracentesis and later 
perieardiotomj* were done, in whom daily electrocardiograms showed 
the “plateau type” of the R-T segment returning to normal in the 
presence of severe toxemia, progressing to death on the twenty-first day. 
No coronary disease nor gross myocardial damage was found at autopsy. 

CASE REPORT 

A vhite male, aged thirty -five years, vas admitted on December 26, 1930, in 
severe sboek complaining of pain in the left side of the chest and of prostration. 
He had been under our observation for two weeks 'with cough and fever ranging from 
99° to 103° P. Physical signs during this time were negative except for inflammation 

♦Presented before the Central Society for Clinical Researcb, Chicago, November 20. 
1931. 

tProm the Medical Service of St. Joseph’s Hospital, Lexington, Ky. 
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of the upper air passages. Tliis seemed to be subsiding until the day before ad- 
mission when lie was suddenly seized with intense pain in the prco.ordia that required 
morphine for relief. On admission there rvas shoclc, with rapid shallow respiration 
and also marked cyanosis. The blood pressure could not be satisfactorily determined. 
The left border of the heart was about 12 cm. from inid-sternum, no arrhythmia was 
present and no murmurs or pericardial frictions were heard. Dullness was present 
over the left lung base, and a harsh pleural friction was heard in the prceordial 
area. After a roentgenogram had showed the heart shadow greatly enlarged, a diag- 
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The blood pressure showed a progressive fall; on December 27, 100 systolic, 80 
diastolic; on December 29, 83 systolic and on December 30, 74 systolic. Paracentesis 
was done on December 30, and 610 c.c. of slightly turbid fluid were removed. Fol- 
lowing paracentesis the blood pressure rose to 116 systolic and 78 diastolic. On 
January 3, 1931, 100 c.c. of pus were aspii-ated and pericardiotomy was advised and 
was done on the same day. 

At operation about loO c.c. of pus under slight pressure were evacuated. Oxygen, 
which had been discontinued following the paracentesis, was readministered. Trans- 
fusions of 250 to 300 c.e. of blood were given on January 6, 8, and 10 in an effort 
to combat the toxemia, which seemed the dominant factor in the illness. Later, 
when blood cultures showed a growth of Pneumococcus Type I, antipneumoeoceie 
serum (Felton) was given. Death occurred on January 15, 1931, apparently from 
toxemia which had jirogressed steadily from the onset. 

DISCUSSION 

Changes in the R-T segment of the electrocardiograin such as are 
present in this case have heen attributed to a number of factors among 
which are: (a) injury to the ventricular muscle, (b) toxemia, (c) gen- 
eral anoxemia, and (d) anoxemia of the heart muscle. In the case here 
reported three of these conditions were present and must be considered 
as possible factors. 

Toxemia, to which such changes in the electrocardiogram occurring in 
pneumonia, have been attributed by Master and his associates,® was 
present and progresshm, and in our opinion was the cause of death. It is 
interesting to note that the infection was caused by the Pneumococcus 
Type I. Since normal electrocardiograms were obtained at a time when 
the toxemia was the dominant feature of the illness, we believe that it 
was not a considerable factor in this case. 

In considering the role of general anoxemia, we have no determina- 
tions of the oxygen content of the blood, but have assumed that the 
presence of marked cjmnosis and rapid .shallow respirations, which were 
relieved following the administration of oxygen, was indicative that 
anoxemia was present to a considerable degree. The electrocardiograms 
taken xvhile oxj’gen was being given were similar in every respect to the 
ones obtained prexdously, so that it seems fair to conclude that general 
anoxemia was not the dominant factor in the production of the electro- 
cardiographic changes. 

The first change toward normal in the electrocardiogram Avas noted in 
the record taken immediately after remoAml of 610 c.c. of fiuid by para- 
centesis on December 30 and consisted of slight but definite loAvering of 
the R-T segment and diminished amplitude of the T-Avave. It may be 
assumed that the hydrostatic pressure AAdthin the pericardium continued 
to be less after this paracentesis, since only 100 c.e. of pus AA^ere obtained 
by aspiration on January 3 and only 150 c.c. found on pericardiotomy 
on the same day. This fall in pressure was paralleled by gradual re- 
turn of the electrocardiogram to normal, which point Avas reached on 
January 5. 


HJVE^^i:Y AND SCOTT : ELECTROCARDIOGRAM IN PERICARDIAL EFFUSION 535 

These clinical observations together with daily electrocardiograms 
seem to ns to confirm the conclnsions of Scott, Feil and Katx, that the 
electrocardiographic abnormalities resulted from local anoxemia of the 
heart mnsele arising from the tamponade effect of increased hydrostatic 
pressure ivithin the pericardium. 


CONCLUSIONS 

We believe that increased hydrostatic pressure within the peri- 
cardium, diminishing both venous return and coronary flow, resulting in 
anoxemia of the heart mnsele, was the dominant factor in the electro- 
cardiographic abnormalities in this case. 
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Iiichtman, S. S.: Isolated Congenital Dextrocardia. Report of Two Cases Witli 

Dnusual Electrocardiographic Findings: Anatomic, Clinical, Roentgenologic and 

Electrocardiographic Studies of the Cases Reported in the Literature. Arch. 

Int. iled. 48: 6S3, 1931. 

Isolated dextrocardia is defined in its strictest sense as a primary independent 
dextroposition of the heart. In this article a clinical analysis of the symptoms, 
signs, roentgenographie and electrocardiographic evidence and diagnostic features 
is attempted, based on a study of one hundred and sixty-one eases of isolated 
dextrocardia reported in the literature. 

Etiologic, pathogenic and anatomic considerations are reviewed. A compre- 
hensive classification inclusive of known and possible anatomic variations is 
presented. 

Two personal cases are presented with unusual electrocardiographic findings, 
the result of associated congenital cardiac malformations and their effects. 

Carter, Edward P., and McEachem, Donald: Recurrent Complete Heart Block. 

Report of a Case Associated With Transient Bundle-Branch Block and Normal 

Conduction Between Attacks. Bull. .Johns Hopkins Hosp. 49: 337, 1931. 

The patient whose illness is reported illustrated a number of unusual and inter- 
esting points with regard to the cardiac mechanism and its reaction to various 
drags. Briefly these were: (1) recurrent complete auricloventricular dissociation 
(and Adams-Stokes seizures) with normal conduction between attacks; (2) par- 
oxysmal bundle-branch block: (3) an idioventricular rhythm, during the periods 
of complete aurieuloveutricular dissociation, which arose sometimes on the left side 
and sometimes on the right; (4) the development of ventricular tachycardia fol- 
lowing an overdose of epinephrine intravenously; (.5) the onset of status anginosus 
during thvT-oid therapy. 

The details of these observations are reported together with a possible explana- 
tion for tbeir occurrence. 

MacCallum, W. G., and Taylor, J. Spottlswood: The Typical Position of Myocardial 

Scars Following Coronary Obstruction. Bull Johns Hopkins Hosp. 49: 356, 1931. 

The importance of recognizing the scarred area in the heart following obstruc- 
tion of a coronary artery slowly produced by arteriosclerosis and often completed 
by thrombus formation is pointed out. There is a gradual wasting of the cardiac 
muscle in the affected area somewhat smaller than that ordinarily supplied by the 
obstructed artery with replacement by fibrous tissue. 

Three typical photographs from a long series of specimens are reproduced to 
show the contrast between the effect of obstmction of the anterior descending 
branch of the left coronary artery, of its left circumflex branch and of the right 
coronary artery- 
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Weinstein, Alfred A., and Weiss, Soma: The Significance of the Potassium^Calcinm 
Eatio and of the Inorganic Phosphorus and Cholesterol of the Blood Senim in 
Arterial Hypertension. Arch. Int. Alcd. 48; 478, lOBl. 


A study of the significance of tho potassium calcium ratio and the inorganic 
nhosphoriis and cholo.storol of the blood serum in seventy-five cases of hyperten- 
sion and twenty-five control cases is presented. This investigation was undertaken 
to determine whether or not changes could be demonstrated in the level of the 
potassium calcium and cholesterol of the blood tested by the reliable methods 
available and when tho patients were selected after a detailed investigation of the 
clinical state. Since the calcium level of the blood varies inversely with the in- 
organic phosphorus level, determinations of the inorganic phosphorus were also 
performed. 

Tho average potassium level rose from 20 to 22.15 mg. per hundred cubic centi- 
niotcr.s of scrum in seventy-five cases of hypertension with or without sccondaiy 


complications. This rise was most marked in cases of hyjiortcnsion with cardiac 
involvement in whicli tlic average level was 22.8 mg. per hundred cubic centi- 


meters. The average calcium level in these cases was normal (0.75 mg. per hun- 
dred cubic centimeters) as compared with that of the control group (O.S mg. per 
hundred cubic centimeters). 

The correctness of the observations on the normal amount of c.alcium in arterial 
hypertension was supported by the fact that the inorganic phosphorus level in 
these eases (4.1 mg. per hundred cubic centimeters) shoivcd no tendency to in- 
crease above the average amount of inorganic phosphorus in the controls (4.3 mg. 
per cent) while the calcium inorganic phosphorus ratio of the scvcnty-fivo cases of 
liypertension (2.43) showed no tendency to fall below that of the control eases 
(2.33). The potassium calcium ratio rose from a control level of 2.0.5 in twenty- 
five cases to 2.32 in sovonty-fivc cases of hypertension with or without involve- 
ment. This rise was most marked in patients with hypertension and cardiac in- 
volvement (2.38) and least in patients with uninvolvod hypertension (2.30). The 
slight increase observed in the cases of hypertension was probably due to the im- 
pairment of the circulatory functions. 

The cholesterol level rose from a control level of 171.(5 to 204.5 mg. per hnndrod 
cubic centimeters in seventy-five cases of hypertension with or without involve- 
ments. This was most marked in patients with hypertension and renal involve- 
ment (227 mg. per iiiindred cubic centimeters) and loa.st in patients with hyper- 
tension and cardiac involvement (104 mg. per liundrcd cubic ccntimctcr.s). Of 
thirty-seven eases of uninvolved hypertension, only five (13 mg. per hundred 
cubic centimeters) showed an unexplainable hypcrcholostcromia. There .was no 
relation between the potassium ratio and the cholesterol content of the blood in 
hypertension. 


Neither changes in the potassium calcium ratio nor changes in hypercholesteremia 
can be considered ns playing a fundament.nl role in the development of arterial liv- 
pertensiou. Elevation of the potassium and cholesterol levels observed in one Eroilu 
0 patients with hypertension is the result rather than tlic cause of chaimos iu the 
cardiovascular system in arterial hypertension, " 
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been denoted as the ventilation index, and the values for this are relatively inde- 
pendent of the nutritional state. It is believed that the ventilation index affords 
a fairly accurate objective answer to the question of breathlessness. 

Prom the data obtained during the study it is felt that dyspnea is directly pro- 
portional to the ventilation per square meter and inverse^ proportional to vital 
capacity. The degree of dyspnea is closely proportional to the expression: 
ventilation 

■ . It was found that the actual dyspnea was greater in obese sub- 

vital capacity 

jects and often less in very thin subjects than in persons of normal nutritional 
status. It was also found that the index was usually normal in subjects with 
cardiac neurosis. The ventilation index was found to be usually slightly above 
normal in subjects with early organic cardiac disease and was very much above 
normal in patients who have or who have had congestive failure. The ventilation 
index was also increased in persons with diminished vital capacities from pul- 
monary disease, in subjects with hj’perthjwoidism and in patients with severe 
anemia. The test is useless and actualh' misleading in persons with respiratory 
ob.struction. 

The authors believe that the test will be of some value in measuring the effect 
of vai-ious therapeutic measures, such as the administration of digitalis in patients 
with different tyTres of cardiac disease in various stages of development. 

Priestley, James T., Markowitz, J., and Mann, Prank C.; The Tachycardia of Ex- 
perimental Hyperthsrroidism. Am. J. Physiol. 98: 357, 1931. 

A series of experiments was performed by which it was shown that the heart 
rate of perfused hearts of thyroxinized rabbits and the heart-lung preparation of 
thyroxinized dogs is considerably greater than normal. Similary, when the heart 
of a small dog is transplanted into the neck of a large dog by means of anastomosis 
of blood vessels, the administration of thyro.xin evokes definite tachycardia of the 
transplanted heart. It appears that the tachycardia of experimental hyperthy- 
roidism is not dependent on the central nervous system but on a peripheral 
mechanism. 

Brams, W. A., and Katz, E. N. : Studies on the Overdistended Heart. I. Effects of 

Venesection. Am. J. Physiol. 98: 556, 1931. 

The effects of venesection on the nondistended and on the previously acutely, 
overdistended heart of the anesthetized dog were compared. The overdistention 
was bronght about by transfusion of defibrinated blood, physiological saline, gum 
acacia solution or by a mixture of the former two. The analysis was based on a 
study of graphically recorded volume curves, on optically recorded synchronous 
pressure pulses from the two ventricles, and from the aorta and pulmonary artery, 
on the pressure levels in the systematic and pulmonary veins, and on the electro- 
cardiogram recorded bj- the three standard indirect leads. 

Venesection in the nondistended heart caused a reduction in stroke volume of 
the ventricles, a decrease in the maximum pressure and pressure excursion of the 
ventricles during systole and a fall in the pressure level in the aorta and pul- 
monary artery. These changes are in accord with previous work on the effect of 
hemorrhage. The changes were more marked in the left ventricle and aorta. The 
stability of the diastolic pressure in the pulmonary artery was striking. 

The subsequent course of events, which was followed for twenty minutes, was 
variable. In some experiments there was a progressive decrease in the pressure 
and stroke volume; in others there was a tendency for Abe pressure and stroke 
volume to increase again; in a few there seemed to be a stabilization of the heart s 
activity at the new level. 
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Venesection pvoducca a (lifl’ercnt set of events in tlie aentcly ovevdistendea 
heart In many instances venesection led to a further drop in stro vC \o nine 
the ventricles, a further decline in the maximum pressure and the pressure excur- 
sion of the ventricles during systole, and a further fall in the picssuic ere am 
pulse pressure in the aorta and pulmonary artery. In every one of the expeu- 
ments in which this initial depression of the heart’s action was noted, a further 
progressive depression was observed in the following periods up to twenty nun- 
utes. No instance of a secondary augmentation of the pressure levels or excui- 
sions was noted, probably because of the escape of the fluid (whose osiuotic pres- 
sure was low) from the blood stream. The changes were more marked in the left 
ventricle but, unlike the nondistended heart, venesection produced, as a rule, a 
greater drop in the diastolic pressure of the pulmonary artery than in the aorta. 

In some experiments venesection overcame the depressing action of overdisteu- 
tion, leading to a temporary or lasting improvement, at least up to twenty minute.s. 
This improvement was evidenced by an augmentation of the stroke volume, bs an 
elevation of the maximum pressure and jiressurc excur.sioji of the ventricles dur- 
ing systole or both, and by a rise in the systolic and pulse pressures in the aorta 
and pulmonary artery, occasionally accompanied by a rise in the diastolic pres- 
sure level and by a fall in the pressures in the systemic and pulmonary veins. 

Venesection in the previously overdistended heart was always associated with a 
decrease in diastolic volume and in initial pressure, the drop in the latter being 
as a rule greater in the left ventricle. In the nondistended heart, bizarre variable 
changes were noted in the initial pressure, although the diastolic volume coii- 
.si.stentl.v dropped. These bizaiTC chauges in initial prossnvc arc ascribed to arte- 
facts inherent in the experimental method which are sufficiently large to mask 
occasionally the true changes in the nondistended heart but not tlic larger chauges 
in initial pressure following venesection in the overdistended heart. 

The results reported indicate that venesection has a di/rerent dynamic ciroct 
on the acutely overdistended heart than on the nondistended one. In many in- 
stances an improvement in the dynamic action of the o^•erdistc>Hlod licart cun be 
clemonstTatcd; in others, however, the depression of the overdistended heart’s 
pumping abilitj' is apparently made progressively worse by vcnesoction. 

It is realized that the acutely overdistended heart in these experiments is not 
strictly comparable with the overdistended heart encountered clinically and that 
such factors as the presence of myocardial pathology and chronicity of the stasis 
and its effect.s, maj" alter the response to vonc.section. ’With these rc.servations, it 
is believed that considerable information has been gained in these experiments 
which may lead to a better evaluation of the clinical possibilities of venesection. 
The changes in heart rate following venesection were variable in both the non- 
distended and the overdistended heart. The olTcct of those rate changes on the 
dynamics of the heart wa.s evaluated in making the analysis of the results of 
venesection. Temporary or permanent .slowing was as frequent a finding as ac- 
celeration. Slowing wa.s u.sually but not always associated with a depression of 
the heart’s dynamic action and with elcctroeardiograpliic evidence of intra- 
ventricular block or damage. The slowing in these cases wa.s a .sinus bradycardia. 
In extreme form it preceded the death of the animal. These observations '.sugLmst 
a a slowing up of the heart rate following vonc.section should bo considered a 
sign of danger. The applicability of thi.s test should be tried clinically 

pressure rise of the curves obtained from the two ven- 

langes m the asynchrony were noted as the condition of the heart altered Tho 


than the right although the differi 


ence in the straddle of the two curves varied. 
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On the other hand, the duration of ejection was longer as a rule, on the right side, 
indicating that the periods of isometric contraction and relaxation n-ere shorter in 
the right ventricle. The duration of ejection of the two ventricles decreased after 
venesection and increased on distention of the heart, hfo consistent changes in 
the duration of ejection were found when the heart was overdistended. The great- 
est abbreviation of ejection occurred in the moribund heart. 

Katz, L. N., and Brams, W. A.: Studies on the Overdistended Heart. II. Tho 

Role of Relaxation in Filling the Distended and Overdistended Heart. Am. J. 

Physiol. 98: 569, 1931. 

In the course of these e.xperiraents a diastolic dip was seen resembling the one 
described in the isolated turtle heart by one of the authors when the heart was 
distended and overdistended. It was always observed in the right ventricular 
pressure curve and occasionally in the left. Its size in the right ventricular curve 
was a direct function of the diastolic size of the heart. The diastolic dip is not an 
instrumental artefact but expresses the pressure changes in the ventricle at this 
time. The dip is an exaggeration of the normal drop in the pressure present in 
the mammalian heart in the rapid tilling phase and expresses an augmentation in 
the disparity between the rate of ventricular expansion and the rate of filling. 
An intraventricular pressure below atino.spherie was never found in these 
experiments. 

The diastolic dip indicates that ventricular relaxation plays a role in tilling 
the mammalian heart by exerting an aspirating action during the rapid inflow 
phase. 

Barrier, Charles W.: Tachycardia. Ann. Int. hied. 5: 829, 1932. 

Important features in a series of 26 cases of supraventricular tachycardia are 
noted. Cases of unusual duration are reported, one having an attack lasting three 
3 "ears, another being in a permanent attack for nearly six j'ears unless treated. 

Quinidine in most cases of supraventricular tachycardia is the more desirable 
drug for arresting an attack; though in the presence of heart failure digitalis 
wUl act and may be the drug of choice. In two cases where quinidine was con- 
tinued for a 3 ’ear, it had to be used in increasing doses. Continuous digitalization 
has been extended for a period as long as one and a half years. hS'^hilc the con- 
tinuous use of digitalis is to be preferred over quinidine, the drug must be used 
in such large doses that toxic effects appear. 

Both digitalis and quinidine will slow the rate and arrest tho attacks in the 
same patient. Until the mechanism of these attacks is better known, the mode of 
action of drugs cannot be explained. Digitalis did not arrest an attack in a 
patient who had receii'ed 1/15 grain of atropine. Both digitalis and quinidine act 
well by month and few cases need the drugs by vein. 

Blackford, L. Minor, and Booth, WUUam Telford: Dextrocardia Secondary to 

Eventration of the Diaphragm. J. A. M. A. 98: 883, 1932. 

A case of congenital dextroposition of the normal heart without evidence of 
transposition of other viscera secondary to eventration of the diaphragm in an 
athletic youth is reported. 

The condition had been entirely asymptomatic up to the present, and it is be- 
lieved that the position of the heart will never cause the patient any trouble. It 
is possible, however, that subphrenie symptoms may develop or that an extra-' 
ordinary increase in intraabdominal pressure, brought on by trauma or tremendous 
exertion, may result in rupture of the weakened diaphragm. 
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Master, A. M., and Jaffe, Harry: Elieiunatoid (Infections) Arthritis and^Acute 
Rheumatic Fever. The Differential Diagnosis. J. A. A. 98: 881, 


In 17 patients with ilienniatoid (infoctioiis) arthritis, on whom electrocardio- 
grams were taken daily for an average of fifty-three days, only the slightest evi- 
dence of myocardial involvement was recorded. In G.'J ca.se.s of acute rheumatic 
fever, however, definite clcctrocavdiogvaplue evidence of myocardial involvement 
appeared in 100 per cent. These electrocardiographic evidences of myocardial in- 
volvement have been sino-auricular block, nodal rhythm, intcrlcrcnce of the sinus 
and auriculovcntriciilar nodes, aiiricnlar fibrillation, anncnlar flutter, aiiriciilo- 
vcntricnlar (P-R) intervals of 0.21 second or more, heart block with dropped beats, 
definite R-S-T abnorinnlitie.s, T-wnvc inversions and transient widening, notching 
and slurring of the QRS group. It is concluded from these studies that rheu- 
matoid arthritis, no matter what it may be, is not c.speeially a disease of the hoait, 
acute rheumatic fever is preeminently a carditis. 

If there is no electrocardiographic evidence of myocardial iiivolveiiicnt in a 
patient with .ioint symxitoms, it would be best to susiiect rheumatoid arthritis; 
whereas, when there arc electrical Iracing.s definitely indientivo of myocardial in- 
volvcniont, it is probably due to an acute rheumatic fever. 


Barnes, Arlie R., and Ball, Ralph G.: The Incidence and Situation of Myocardial 

Infarction in One Thousand Consecutive Postmortem Examinations. Am. .T, Itl. 

Sc. 183: 215, 1932. 

In 1,000 unsclccted consecutive postmortem examinations more or loss localized 
myocardial infarction was recognized grossly in 49 subjects. Of 08.5 of those siib-. 
jects, forty years of age or more, myocardial infarction was observed in 47. The 
majority of the subjects who had sustained myocardial infarction had had as- 
sociated hypertension as judged by the cardiac weights and the records of blood 
pressure. 

Notable prcpondoranco of arteriosclerosis iu the left coronary artery over that 
found in the right was not observed in the hearts in which evidence of infarction 
was found. Gross myocardial infarction resulting from coronary occlusion was 
practically confined to the left ventricle, hfyocardial infarction was observed in 
the posterior basal portion of the left ventricle in 24 instances as compared witli 
28 instances in which it involved tlic apex and anterior poriion. Afore careful 
pathological study of the posterior basal portion of tlio left ventricle is urged in 
order that infarctions in that region be not overlooked. 

In 28 instances infarction occurred in the region supplied by the. anterior 
descending branch of the left coronary artery, as compared with 20 instances in 
which it occurred in the region of the left ventricle supplied by the right coronary 
artery. The designation of the anterior clcsccnding branch of the left coronary as 
“the artery of coronary occlusion” is no longer justifiable. 


XX. A Cluneal Analysis 


Ellis, Laurence B.: Studies in Complete Heart-Block: 

43 cases. Am. J. AI. Sc. 183: 225, 1932. 

An analysis is presented of 43 cases of coni}ilcte auriculovoiitricular block 
patients ranging in age from nine weeks to seventy-eight ycar.s. Sei'enty per co 
of the patients were over forty years of age and the same percentage were male 
n -9 cases the block was permanent, while in the remainder it was intcrinitte 
or emporaiy. Fifty-two per cent of the cases of permanent block were due 
arteriosclerosis; 31 per cent were of undetermined origin but in most of these i 
anccs were probably either congenital or dependent upon on acute infcctio 
ip it eria, syphilis and rheumatic infection were responsible for a small numb 
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Of cases. Digitalis was the chief etiologie agent producing transitory block- 
although arteriosclerosis and infections caused a lesser proportion. ' 

Complete heart-block per se may exist for very prolonged periods of time with- 
out damaging the health of the patient, Dour cases are recorded in which the 
block is known to have existed for twenty-four, fifteen, fourteen and seven years 
respectively, and 2 more in which it has almost certainly lasted nine years. The 
chief factors governing the prognosis appear to be etiology, age, Adams-Stokes 
seizures, electrocardiographic abnormalities and cardiac size. 

A discussion of the significance of arterial blood pressure findings is presented. 
Young persons with complete heart-block may have essentially normal blood pres- 
sures. A systolic arterial hypertension and wide pulse pressure usually occur in 
heart-block in persons giving evidence of peripheral arteriosclerosis. 

Gouley, Benjamin A., and Eiman, John: The Bathology of Rheumatic Pnemnonia. 

Am. J. M. Sc. 183: 359, 1932. 

brine cases of acute rheumatic fever are presented with reference to their pul- 
monary pathology. Eight of these showed an acute inflammation of lung tissue 
■with consolidation; the ninth showed pleurisy with subacute lung involvement. 
All of them were associated with acute rheumatic heart disease. The inflamma- 
tory pulmonary reaction consists of an interstitial perivascular exudate of large 
cndothelioid cells, identical in morphology with those found in rheumatic heart 
lesions and considered pathognomonic of rheumatic fever. Hemorrhage and 
fibrinous exudate are prominent features. Eight of these cases exhibited 
pericarditis. 

Wetherby, Macnider, and Clawson, B. J. : Chronic Arthritis With Special Reference 

to Intravenous Vaccine Therapy. Arch. Int. Med. 49: 303, 1932. 

Intravenous streptococcic vaccination brings about in patients two conditions 
(desensitization and a high agglutinating titer) that are regularly associated with 
the protection experimentally developed in animals against streptococci by intra- 
venous vaccination. This analogous condition in vaccinated animals and patients 
affords a basis for intravenous vaccination in patients having chronic arthritis. 
Since subcutaneous injections of streptococci in animals tend to increase hyper- 
sensitiveness and only produce a low agglutinating titer in the serum, the sub- 
cutaneous method of vaccination in chronic arthritis would seem to be of less 
value than the intravenous method if not contraindicated, bio ill effects have 
resulted from the intravenous vaccinations in the 100 cases studied. On the other 
hand, in 75 per cent of the eases the clinical improvement appears to be sufficient 
to justify the further use of this method of treatment for chronic arthritis. 

Croldring, William, and Ohasis, Herbert: Thiocyanate Therapy in Hsrpertension. 

I. Observations on Its Toxic Effects. Arch. Int. Med. 49: 321, 1932. 

Of the 50 patients with hypertension in this series treated 74 different times 
with thiocyanate, 13 presented toxic manifestations. In 11 of these the toxic 
manifestations disappeared within a few hours to four days after discontinuance 
of the drug. Two of these patients died as the result of thiocyanate poisoning. 

The frequency and order of appearance of the various toxic manifestations are 
noted. A fall in the blood pressure, the occurrence of toxic manifestations and 
death were found to be unrelated to the amount of thiocyanate administered or to 
the amount of residual drug in the body. Data are presented showing that in 
some patients there is little or no margin of safety between the toxic and them- 
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peutically effective close of tliioey.'uiato. 
necropsy observations are presented in one 


Tissue analysis 
of tbc fatal cases. 


for 


tliiocyiinatc and 


Schwartz Sidney P.: Transient Ventricnlar Pihrillation. A Study of ttie Blcctro- 
cartogiams Obtained From a Patient With Auriculoventricular Dissociation 
aud recurrent Syncopal Attacks. Arch. Int'. Med. 49: 282, 1032. 


A study was made of the electrocardiograms of a patient with nuucnlo- 
ventricnlar dissociation who suffered from sixty-.sovon .seizures of unconsciousne.s.s 
during a period of seven months. Each seizure was associated with periods of 
ventricular fibrillation. The longest recorded attack with spontaneous recovery 
lasted six minutes and two seconds. 

The alterations in the electrocardiograms preceding a syncopal seizure con- 
sisted of a gradual acceleration through steplike progressions of both the basic 
auricular and the ventricular rates, the highest regular vcntviculaY rate recorded 
being 65.2 beats per minute before veutvicular fibrillation set in. Periods of re- 
excitation of from 4 to 11 beats at a time wore observed to apjieiir during tlic 
premonitory period, hcraldiug the approach of a seizure of unconsciousness. 1 lie 
onset of every recorded seizure of ventricular fibrillation in tliis patient was 
initiated by a ventricular extrasystolo which was always of the same character 
and arose from the same focus in the ventricle. 


The ventricular rates during the periods of ventricular fibrillation varied from 
a minimum of 250 to a maximum of 3,000 beats per minute. Sponianeotis revival 
usually coincided with the cessation of ventricular fibrillation. Tlio mode of re- 
covery was variable, but the restoration of the basic rhythm was 3 irccodod by 
an idioventricular rliythin, with a slightly irregular vontnciibir rate following, ns 
a rule, a postundulatory pause. 

Periods of unconsciousness in patients with auriculoventricular dissociation arc 
associated with transient seizures of ventricular fibrillation mucli more commonly 
than has been suspected hitherto. A clinical diagnosis of transient ventricular 
fibrillation may he suspected in such patient.s if preceding a period of unconscious- 
ness the heart rate has been noted to increase above that of tho usual basic rate. 


Dawson, Martin H., Olmstead, Miriam, and Boots, Ralph H.: Bacteriologic In- 
vestigations on the Blood, Synovial Pluid and Subentaneons Nodules in Rheu- 
matoid Arthritis. Arch. Int. Hfcd. 49: 173, 19,32. 


One hundred and five blood cultures, the majority in duplicate, were carried 
out on 80 patients suffering from rheumatoid arthritis according to the technic of 
Cecil, Nicholls and Stainsby. As control material, 31 samples of blood from nor- 
mal persons and 16 samples of sterile autoclaved agar were subjected to similar 
manipulations. Blood cultures on patient.s .suffering from rlioumatoid arthritis 
failed to yield organisms that could he considered of etiologic significance. No 
significant difference was observed in the bacteria oiiconntcred in tho blood cul- 
tures of patients and those observed during tlic eulturo of the control material 
under similar conditions. 

Streptococens viridans was occasionally encountered during the culture of the 

control material as well as during the culture of specimens of the pnticnt.s’ blood. 

erobic and anaerobic cultures of 23 specimens of synovial fluid obtained from 

patients suffering from rheumatoid arthritis failed to yield organisms that could 

cutir"“ ' etiologic significance. Aerobic and anaerobic cultures of 12 sub- 

fa led ^ "n ° riioumatoid a tin- iris 

failed to yield organisms that could be considered of etiologic significance. 
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Criep, Leo H.: The Effect of Bronchial Asthma on the Circulation. Arch Ini 

Med. 49: 241, 1932. 

A complete cardiovascular survey of fifty patients suffering from bronchial 
astlmia is presented. An electrocardiographic study of the acute asthmatic at- 
tack in eight patients is reported. 

From these studies bz'onchial asthma apparently does not have a permanent 
damaging effect on the cardiovascular system. Acute attacks may as the result 
of the associated asphyxia produce minor transitory disturbances in cardiac 
conduction. 

Schlesinger, Bernard: A Study of the Sleeping Pulse Rate in Rheumatic Children. 

Quart. J. Med. 1: 67, 1932. 

A study of the alert pulse rate is not sufficient to establish the presence of 
active carditis in afebrile children udth rheumatic heart disease. Normally, the 
sleeping rate is on an average of ten beats per minute slower than the alert pulse. 

A rapid alert pulse rate unaccompanied by a similar increase in the rate dur- 
ing sleep, points to a nervous tachycardia. Active carditis can be presumed if in 
the absence of fever, the sleeping pulse rate appi’oximates the alert rate so as to 
diminish or abolish the normal variation between the two. A sleeping pulse rate 
continuously and decisively above the normal is also strong evidence of active 
heart disease, oven though the variation between the rates during sleep and wake 
persists. 

Bradley, W. H. L.: Epidemic Acute Rheumatism in a Public School. Quart. J. 

Med. 1; 79, 1932. 

Two epidemics of rheumatism are recorded, and their relation to parallel waves 
of hemolytic streptococcal sore throat is demonstrated, the causal streptococci be- 
ing of two distinct strains. 

Survey of the epidemiological factors concerned leads to the conclusion that 
droplet infection was i-esponsible for the spread of sore throat and consequently 
of rheumatism. It is tentatively suggested that rheumatism occurred in those who, 
being incompletely immunized by a first contact with a rheumatism producing 
streptococcus, developed hypersensitiveness to that organism. 

Campbell, Maurice, and Shackle, J. W.: A Note on Aortic Valvular Disease. Brit, 

M. J. l: 328, 1932. 

In a series of cases with disease of the aoi-tic valves, the condition was due to 
rheumatism in 200, to syphilis in 55, to asthma in 20 and to all other causes in 21 
cases. Out of every 6 rheumatic cases roughly, three had aortic incompetence and 
mitral stenosis, one had both with aortic stenosis as well, one had aortic stenosis 
and incompetence and one had aortic incompetence alone. Where there was no 
mitral disease, there were two men for each woman; where there was mitral 
disease, there were two men for every three women. They came under first ob- 
servation at all ages, less commonly before ten or after fifty years. There was so 
little difference between the ages with and without aortic stenosis that its presence 
must depend on the severity and nature of the attack rather than on the lengtli 
of time that had elapsed. Pure aortic stenosis was rarely found, and as far as 
could be judged from the pulse pressure, the stenosis was relatively unimportant 
compared with the regurgitation even where the signs were well marked. 

Among the syphilitic cases, there were three men for each woman, nearly four- 
fifths being between forty and sixty years. Aortic stenosis was rarely ever 
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present, aiul the uvevusc pulse pressure was much fircnicr than in the rheumatic 

Nearly all the atheromatous cases were men between lifty and ^ 

Aortic stenosis was more important, and more frequently present, and . i^. 

reeurdtation were often absent. , , i mw.i 

Auricular fibrillation was present in dO per cent of those 
stenosis, in S per cent of the rheumatic, eases without mitral stenosis, and mile 
rarely in the nonrhenmatic Kroup. Left yei.tricnlar prepondm'ance was found in 
about half the elect rocardio^M-ams of tho.se with pure aortic disease noimal limit, 
being found in the remainder. The T-wnves were inyerted, most olten m Lead L 
in about one-quarter of the rheumatic eases and in almiit hulf the otliers. 

The prognosis was enormously bolter in the rheumatic group, ihe ayernge 
duration of life after the deyelopmcnt of aortic incompetence was probably twenty 
jears, excluding those who died quickly from actiyo rheumatic carditis. Tn ihe 
syphilitic group, on the other hand, it was not uiucii more than two years after the 
development of symptoms, few iintieiits living for eiglit years. 


Ellis, Laurence B., and Vireiss, Soma: A Study of the Cardiovascular Ecsponscs in 
Man to the Intravenous and Intra-Arterial Injection of Acetylcholine. 
J, Pharmacol, and Expor. Thorap. 44: 235, 10.i2. 


A study was made of the otToct of the contiiiuoiis intraveiiou.s injection of 
acetylcholine in 17 normal huuitui subjects and ot the intra-arterial injection in 4 
normal subjects. During intravenous injection the following obscrvntions were 
made: Tlie action of the drug wjis found to iie transient, .since a given rate oi 
injection could be maintained for a prolonged period of time with no evidence ol 
cumulative action, and since the effects disappeared very rapidly following eessa- 
tion of the injection. The rate of injection necessary to produce minimal ('fl'ect.s 
was between 0.02 and 0.0(i gram per minute, and the maximum tolerated dose was 
an amount given at a rate of between 0.00 and O.l-l gram per minute. The larg- 
est total amount injected was 1.0 gram in ten mimitos. 

The symptoms prodneod wore flushing of the head nnd upper part of the body, 
throbbing in the head, palpitation, sweating, salivation, inclirynmtion, .substcninl 
constriction, nausea and vomiting. 

Either no effect or a slight rise in the cardiac rate oeciirrcd. In only 3 of 13 
cases was there any appreciable lowering of systolic or diastolic arterial blood 
pressure. In 5 cases in which cardiac niiinite volume outputs were estimated, no 
significant change was observed. In each of 5 instances there was a slight in- 
crease in the basal metabolic rate. 


During the intra-arterial injection of acetylcholine there was marked regional 
dilatation of tlie arteries and arterioles, as evidenced by flu.sbing. increase in skin 
temperature, increased arterial pulsation and increased blood flow. Evidence wn.« 
found that this increase in blood flow continued for nearly thirty minutes follow- 
ing the cessation of the injection, although tlic symptoms and flush disappeared 
muck more quickly. That is, although the de.slruc(iou of the drug in the body was 
almost instantaneous, the effects of its action persisted for some time. No gen- 
eral systemic effect was noted following the intra-arterial injection of the drug. 

It is suggested that the inactivation of acetylcholine probably occurs durinir 
passage through the capillaries. The effects of acetylcholiuo administered intra- 
venously to man and anesthetized animals arc qualitatively similar, but man is 
\ cry much more tolerant to the drug than arc animals. 

The theory that acetylcholine acts as a general hormone in the human body and 
normally in tho blood otroom in Vnlooo nrclylcholi,,^^;":! 
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disorders Of the arteriolar system differently than in iormal subjects, it cannot be 
considered a useful therapeutic agent in such conditions. 


Krogh, A., Turner, A. H., and Landis, B. M.; A Celluloid Capsule for Measuring 

Venous Pressures. J. Clin. Investigation 11: 357, 1932. 

A celluloid capsule for the determination of venous pressures is described. 
This capsule is very easily made, and notches can be cut so that it will fit any ar- 
rangement of veins. It is cemented to the skin with collodion. "When with high 
venous pressures the necessarily high intraeapsular pressure would cause distor- 
tion of the skin and erroneous readings, the error can he avoided hy the use of a 
connterweighting clamp also described. Such a counterweight is usually needed 
for the measurement of venous pressures above 30 cm. water pressure, 

Harrison, T. E., Calhoun, J. A., Cullen, G. E., Wilkins, W. B., and Pilcher, C.r 

Studies In Congestive Heart Failure. XV. Eeflex Versus Chemical Factors in 

the Production of Eapid Breathing. J. Clin. Investigation 11: 133, 1932. 

Studies have been made of the respiratory rate and depth, the minute ventila- 
tion, and of the oxj'gen, carbon dioxide and Ph of tbe arterial blood and of the 
venous blood from the brain of dogs anesthetized with barbital. In some experi- 
ments artificial reduction of vital capacity wms produced either hy pneumothorax, 
by introducing fluid into the lungs through the trachea, or by distending the capil- 
laries of one lung with blood, according to a technic which has been described. In 
other experiments observations were made concerning the sensitivity of the respi- 
ration to oxygen lack, carbon dioxide excess and to acidosis produced by the intra- 
venous injection of ammonium chloride. The following results were obtained. 

Seduction of vital capacity by any of the methods used resulted in rapid breath- 
ing, provided the vagus nerves were intact. In such experiments chemical changes 
of the blood were usually either absent or in the direction of increased alkalinity. 

In some vagotomized dogs diminution in vital capacity was usually not fol- 
lowed by rapid breathing, unless the diminution was of sufficient degree to pro- 
duce either marked oxygen lack or increased acidity of the blood. 

Oxygen lack produced by rebreathing caused increased ventilation by increase 
in either depth or rate, or both. In order to double the ventilation it was usually 
neeessarj’ that the arterial blood be less than 60 per cent saturated. 

Carbon dioxide excess caused marked increase in depth and relatively slight 
increase in rate of breathing. The response of the animals to carbon dioxide ex- 
cess was quantitatively greater and qualitatively different from that of oxygen 
lack. In order to double the ventilation it was usually necessary to produce a 
fall of approximately 0.10 in Ph and a rise of 10 mm. Hg in carbon dioxide tension 
of the arterial blood. 

The effect of the acidosis produced by ammonium chloride on the breathing 
was unlike that of carbon dioxide excess and rather similar to that of oxygen 
lack, being characterized by a relatively great increase in rate and only slight in- 
crease in depth. Following the injection of ammonium chloride apnea sometimes 
occurred. 

Chemical changes in the blood never produced the extreme degree of tachypnea 
which resulted from diminished vital capacity. 

Vagotomized dogs, although insensitive to diminution in vital capacity, re- 
acted with increase in ventilation to chemical changes in the blood. 

From these observations the following conclusions have been drawn. 

Orthopnea and the continuous dyspnea at rest which occurs in the terminal 
stages of cardiac disease are of reflex origin and dependent on diminished vital 
capacity. 
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It it ..tobalilo timt the ra,ml f.mml in varloi.. ilitcnttt ot tl.n tl.onmt 

organs acconipained l>y clccrcaso in vital capacity is cssonlinlly of reflex 

%ic reflex mcclmnisiu of: respiratory control is more sensitive thun the 'hen ic 
lueclianism. The respiratory center seems to he niiieh less sensitive to alteration 
in the composition of the blooil than has been generally bclievi'il. 


Krogh, A., Landis, E. M., and Turner, A. H.: The Movement of Eluid Througli 
the Himian Capillary Wall in Relation to Venous Pressure and to the Colloitl 
Osmotic Pressure of the Blood. .T. Clin. Investigation 11‘. G->, 10.1-. 

The movement of fluid through the human capillary mall mas studied by menus 
of a pressure plctliysmograpli, rvliicb collapsed the. blood vessels and tluis permit* 
ted the accurate determination of small changes in tissue volume. It mas shoun 
that ivithin certain limits the determination of volume change was not .';ignifi- 
cantly influenced by hyperemia or by previous engorgement of the veins. Fluid 
accumulated in tbc tissue spaces wbcii venous pressure was greater tbnn la or 
20 cm. water. Above an average venous jircssure of 17 cm. water, tlio rate of 
filtration was directly proportional to the increase in venous ])ressuro. A unit 
rise in venous pressure (1 cm. water) increased the filtration rate by 0.0022, c.c. 
per minute per 100 c.c. of arm. 

The rate at which fluid wa.s rcmoi'od from the tissue spaces depended on the 
size of the accumulation of fluid, being distinctly more rajiid with large anionnts. 
When lcs.s than O.G c.c. of fluid per 100 c.c. of arm was jircsent, the removal of 
fluid was retarded by elevating venous prc.s.sure to 1.7 or 20 cin. water, which was 
taken to indicate that small amounts of fluid were removed chiefly by true absorji- 
tion. When more than O.G c.c. of fluid per 100 c.c. of arm was jirescnt, Die fluid 
was removed in spite of slight grades of venous congestion. In this connection 
the relative importance of tissue turgor and lymphatic drainage is briefly 
considered. 

When the colloid osmotic pressure of the blood was elevated by standing, tbc 
rate of filtration produced by a given venous pressure was uniformly lower. A 
unit rise of colloid osmotic pressure (1 cm. water) was nccompniiicd by a fall in 
filtration rate varying between 0.0027 and O.OO-lo c.c. ])cr minute jior 100 c.c. of 
arm. 

The observations are discussed with reference to eapilliiry pressure and fluid 
balance in man. 


Payne, Sheldon A., and Peters, John P.: The Plasma Proteins in Relation to 
Blood Hydration. VIH. Seram Proteins in Heart Disease. J. Clin Investiga- 
tion 11; 103, 1032. ■ 


In patients with heart failure scrum albumin is froqncutly reduced. Altliouch 
edema of heart failure may occur even when .serum protein and serum albumin are 
t or above the normal level, it is more commonly associated with some degree 

•” " 


the rate was regular. Amyl nitrate ^ irregularity, 

cardia. ^ no difCeronce in the brady- 
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Auscultation revealed a periodic increase in the vibratory and booming qualities 

of. the heart signs due to the superposition of auricular and ventricular con- 
tractions. 

The electrocardiogram showed an auricular ventricular sequence but the re- 
lation between auricular and ventricular complexes varies constantly. Sometimes 
before, sometimes superposed and sometimes following the ventricular complex. 
When the distance between the ventricular and auricular complex was great, the 
ventricle regained its irritability and a contraction occurred with the appearance 
of bigeminy. Normal rhythm was restored with subcutaneous injection of .01 
gm. of pilocarpine nitrate. 

In this case, one could eliminate such diagnosis as partial or total bloch 
and sinus bradycardia with ventricular escape. 

Two interpretations were considered: first, nodal rhythm with an upright 
P-wave. The slow rate, the constancy of the association between auricular and 
ventricular make it resemble permanent nodal rhythm. In the tracing, P-wave 
first preceded QES, then was superposed, then followed it, and the only difference 
between this and nodal rhythm was that the P-waves were uniformly upright. 
Because of this factor the authors do not think it is a case of nodal rhythm. 
Second, a possible interpretation is an arrhythmia of the entire A-V cycle. Ad- 
mitting it only as a hypothesis, the authors based their belief on the constancy 
of this association of the auricles and the ventricles. 

They consider whether some higher center might be responsible for this altered 
rhythm and attempt to correlate it with the pseudobulbar palsy of the subject. 

Geraudel, E.: Paroxysmal Tachycardia. Arch, de Malad. du Coeur, 1928, v, 273. 

The author cites two cases of paroxysmal tachycardia of long duration. Both 
cases could have been mistaken for the auricular ventricular form of the condi- 
tion were it not for the electrocardiograms taken during freedom or comparative 
freedom from attacks. In both instances, the tracings made during the crises 
showed a position of the P-waVe closer to the preceding B-wave than to that 
following. This gives the impression of nodal rhythm. 

During the intervals between attacks, flutter with a varying auricular to 
ventricular ratio was present. 2:1 in the case of 1 subject and 2;1 to 3:1 in 
the case of the othei’. During a period where attacks were followed, by periods 
of freedom, the auricular rhythm was constant while that of the ventricle be- 
came grouped in series of 2 and 3 and 4 ventricular beats. This quadrageminy 
was shown to merge easily into that of paroxysmal tachycardia; as it did so the 
P took a position closer to the preceding E than to the one following. 

The author concludes that paroxysmal tachycardia of auricular ventricular 
or sinus origin does not occur, both being phases of auricular tachycardia or 
flutter where there is an iso-arrhytlimia of auricle and ventricle. No new centers 
dominate the rhythm, but rather a variation was present in the harmony of 
the response of the auricles and ventricles. 

Geraudel, E.; Auricular Tachysystole and Auricular rihrillatioii, 1928, v, 289. 

In a second paper, the author attempts to show that the difference between 
auricular flutter and fibrillation is only one of degree. The definition of flutter 
as a condition with a rapid rate and a definite ratio between the auricular 
ventricular rate is not sufficiently exact. The author's definition is that of a rate 
more or less rapid and showdng under prolonged observation a lack of co-ordina- 
tion between the auricular and the lowered ventricular rates. 
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The term total arrhythmia for fibrillation is to be cliscoviragod as it differs 
in the pulse and such an arrhythmia of the pulse may be produced by other con- 
ditions than fibrillation. The complexes resemble those of flutter and for tliosc 
the term flutter fibrillation ivas used. This has been sup])Osed to be a combina- 
tion of the tu'o arrhythmias, the jicriods of fibrillation depending on the change 
in the refract period of the muscle. 

The author considers this to be wrong and based on the wrong assumption that 
changes in the form of the P-wavo are due to changes in the cxeilalion wave 
in the auricle. The P-waves of flutter may resemble those of fibrillation by 
other influences and so be recorded by the string. The abnormal shape of the 
P-wavc in the fibrillation periods may be due to a rapid rate, for although fibril- 
lation -waves may be present with an apparent rate of 75, they arc commoner 
with the auricle beating between 400 and (500 per minute. Two facts are evident 
in the study of fibrillation — the rapid rate and tlic inconstancy of the rhythm. 

The author therefore considers the ditTcreuce between auricular flutter and 
fibrillation is that in the former the rate is 3.30 to 400 and eoiislnnt, while in 
the latter it is 475-GOO and variable. He .suggests that the term tachyatrio 
monorhythmique for flutter and for fibrillation the term liypcrtnchynlrio poikilo- 
rhythmique. 
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Der Herzalterxans. By Bruno Kiscli. Dresden and Leipzig, 1932, 214 .pp., 

Theodor Steinkopff. 

Dr. Kisch, Professor of Physiology at the University of Cologne, presents a most 
comprehensive study of the difficult and complicated subject of alternation of the 
heart. He not only has studied the literature thoroughly, but has carried on experi- 
mental -work for twelve years. 

The author devotes the first third of the volume to a brief discussion of what 
the term means and to a detailed consideration of the various methods — ^physical, 
graphic and electric — ^by which alternation has been studied. He then describes and 
illustrates seven different disturbances which may produce alternation, namely 
alternating partial asystole or hyposystole, alternating partial hj-podiastole or 
adiastole, alternating asystole and adiastole of different parts of the heart muscle, 
alternation of total systole, alternation of impulse formation or conduction, and alter- 
nation of the filling and emptying of the heart produced by hemodynamic factors. 
He believes that in the last analysis an understanding of this complex subject will 
depend upon an understanding of chemical and physicochemical changes in the heart 
muscle. In the section devoted to factors which affect alternation the author dis- 
cusses inherent properties of heart muscle, the influence of various salts and poisons, 
rate, extrasystoles, conduction, the coronary circulation, temperature, and the cardiac 
nerves. Finally he discusses, relatively briefly, the relationship between alternation 
and other disturbances of the circulation and the clinical features. He provides 
twelve pages of references and a carefully prepared index. 

This study, which must represent a tremendous amount of work, is of scientific 
rather than clinical interest. The bibliography alone would be valuable to anyone 
interested in the subject, and the subject will remain o^jen until the cliemical and 
physicochemical properties of heart muscle which Dr. Kisch stresses are much more 
fully understood. 

F. H. 

Dee IVasseeversuch als Nierexfunktioksprufung. Von Dr. Med. Ferdinand 

Lebermann, Fachartz fiir Innere Kranklieiten in 'iVurzburg. Dresden und 

Leipzig, 1932, pp. 145, Theodor Steinkopff. 

In this study not only is the attempt made to determine the advantages and 
limitations of the dilution and concentration tests (as they are generally called in this 
country), but also these tests are used as a means of approaching the intricate 
problem of water balance and metabolism in the body. The questions at issue 
touch various phases of Bright’s disease especially, but are not restricted to this 
disease; the discussion extends to diabetes insipidus. 

In considering the various theories of water excretion through the kidney the 
author seems to find himself cramped, since it is not always easy to harmonize ex- 
perience in the clinic with any theory so far propounded. There is throughout 
the essay a constant reference to extrarenal factors which in some relations only 
are known at present. Specifically is cited the observation of Marx, that the in- 
gestion of relatively small amounts of water induces as much “dilution” of the 
blood when measured by hemoglobin changes as does the ingestion of large amounts, 
and farther, that there seemed only a remote relation between degrees of blood dilu- 
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tion a«d maximal uriim excretion. Leljevmnnn studies this quesUon of 
tent of the blood along ndth the volume of urine excreted hour by hour during 

dilution and concentration tests. 

In American clinics the selection of even quite accurate hemoglobm estimations 
as a means of determining the Avater content of blood (or more probably blood 

volume)) v'ould be regurded us unfortunate- 

Lebermann uses the dilution test in the conventional manner of Volhard and 
Strauss, except that one liter, rather tlian a liter and a half, of Avatcr (or tea) is 
given to the fasting patient, and the urine is collected hourly for four hours. The 
concentration test is carried out during the afternoon of the same day ; a sequence 
which has been much criticized and largely abandoned in this country. From these 
tivo tests information may be gained bearing on the functions of excretion, dilution 
and coiicentratioii. In Lebermann ’s opinion impairment of concentration is the 
chief diagnostic point. 

About one-half the monograph is devoted to the study of - various types of 


Bright’s disease by means of these tests. The theoretical assumption that according 
to the location of the lesion in the kidney the Avater test should demonstrate typical 
disturbances in the renal capacity for excretion, dilution or concentration does not 
Avork out perfectly; differential diagnosis is accurate only Arithin certain limits. 
For example, a case of nephrosis Avith variable edema gave re.sponses resembling 
acute glomerulonephritis with dropsy. In acute glomerulonephritis of the post- 
anginal type the dilution and concentration tests Avere practically normal, indicat- 
ing, it Avas assumed, cxtrarenal factors. LikcAvisc, Avith cases of early chronic 
glomerulonephritis and also Avith ncidirosclerosis, the tests may fail to give results 
Avhich are essentially informing. 

The attempt to use these tests as a means of recognizing various types of 
Bright’s disease is based on dubious reasoning. In so far as they are of value, 
they measure the degrees of defect, and to assume that a degree of defect is 
peculiar to a tjqre of renal disease, and is specific, is not in harmony Avith AA’hat 
is knoAATi today. Moreover, the tendency of recent 3 'cars is to regard nephritis less 
and less as a disease of the kidneys, but rather as a constitutional disorder in Avhich 
the kidneys are implicated; hence the return of recent Avriters to the term Bright’s 
disease. 


In order to estimate extrarenal factors, particularly cardiac, and also to find a 
method of using the dilution and concentration tests in prognosis, Lebermann had 
recourse to the use of diuretic drugs along Avith the Volliard test. The drugs used 
range from digitalis througli diurctin and urea to salyrgan. Tlio author derived 
an encouragement from his experience AA'hich the rcAuewer cannot share. 

Tliere is an extensive bibliogi-aphy Avhich omits several relevant English and 
American names. 


Ah B. F. 


Le Neurosi pel Cuore e Dei Vast Sanguigni e Loro Cura. By Professor Giovanni 
Galh, (University of Pama) Milan, Socicta Editriec Libraria, 1930, pp. 3G1. 

me Fmroscs of the Heart and Blood Fesseh and Their TreaUnent) In this 
ncidly A^itten book Professor Galli presents his ideas and observatioi eoncerl” 
the functional disturbances of the circulatory system. He speaks of their increase 

in modera times Avith the comment that a true civilization is one Avhich should 
prevent illnesses rather than cause them. 

He gives an historical account of various treatments of the neuroses thromrhout 
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He considers the influences of diets, poisons, drugs and liormones on the lieart and 
blood vessels. He classifies and describes the various tachycardias, and considers in 
turn extrasystoles, palpitations, mitral neurosis, respiratory arrhythmias, hypoten- 
sion and hypertension on a neurotic basis, and then discusses visceral, skin and 
arterial vasomotor disturbances, and finally the circulatory neuroses on a sexual 
basis. 

He treats occurrences, causes and medications in a veil-ordered, interesting man- 
ner, guided by a sound insight and veil-balanced evaluations. 

While considering psychoanalysis of the greatest value in treating the neuroses, 
he pays due regard to the, use of medical and surgical therairies. 

The author ’s definition of a neurosis is of special interest. He says : “A neurosis 
is a disease of the small blood vessels accompanied by both physical and chemical 
lesions vhich are, as a rule, completely curable. The signs and symptoms, diverse 
in character, vary according to the organ or part in vhich the attendant circulatory 
disturbance occurs; Psychic influences play an important role.” He considers such 
an interpretation a vorking point for research, and one rvhich further investigations 
■will substantiate, rather than one already proved. He admits the lack of instruments 
and objective proofs to support this vievpoint in most cases, but calls attention to 
the fact that in accessible organs these proofs are not vanting, as may be seen in 
the vessels of the eye, larynx and extremities. 

He quotes Sanitzky, (Ztsclir. f. Kreislmifforsch. 1929, 1) vho in his experiments 
in cases of mitral neurosis has shown evidences of spasm in the papillary muscles 
of the heart as the cause of incomplete occlusion of the mitral valves. 

In addition the bool: contains excellent anatomical and phsyiological considera- 
tions interesting case reports, and a description of the technic of psychoanalysis. 

' A. S. JB. 
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Original Communications 

APICAL SYSTOLIC ]\tURl\njRS IN CHILDREN 

Foulow-Up Oijseuvatioks IX 100 

M, H. Fixeberq, j\LD.. axd Leonard G. Steueu, I^LD. 
Ceeveeand, Ohio 

T he question of the hnpovtanee of apical .sy.slolie mtirinur.s i.s one of 
the difficult pi-obleins confronting: the phy.sician. Such innrnmv.s arc 
discovered inmost cases first by the school phy.sician ivlio .semis the child 
home witli a statement that heart disease is prc.s-cnt. TIjc parent.s, greatly 
perturbed, consult the pediatrician or the family ]ihysician. He ex- 
amines the child, finds the systolic innvmur at the apex tvith little or 
no evidence of other cardiac changes, tells the parents the child ivill out- 
grow the murmur and tlius allays their fears to some extent. If a cardi- 
ologist is consulted he has little more to offer, although i7i his own niijul 
he may be somewhat uncertain of the final ontcome. Such nncertaiirty 
arises because there has been no acenrate study made of the progre.ss 
of such murmurs over a period of years. 

There are certain orthodox rules to which the cardiologi.st may adhere 
when determining wliethcr the apical sj'stolic mnrmurs arc of organic 
nature. If the murmur is well transmitted and associated with hyper- 
trophy and fluoroscopic evidence of mitral disease, it is usually 
considered organic. Or lie may follow the criteria of Mackenzie’ wlm 
states that if we find a systolic murmur in a good functioning heart of 
normal size and rhjdhm with the absence of anything tliat would indi- 
cate that the murmur is definitely organic in nature, then wc may con- 
clude that the heart is perfectly normal. Granted that we could decide 
absolutely which murmurs arc organic and wliich are not, we should still 
be unable to give any definite prognosis because it is known that organic 
mitral insnffieieney per se rarely if ever causes cardiac embarrassment, 
he patient and the doctor are most interested in knowing wliat the fu- 

‘here oomplimtions 

m the tom of mitral stenosis; Iiosv long mill the ijaticnt ho able to con- 
tinue with activity nnrestricted? 

»Prom tho Cardiac Clinic of Mt. Sinai Hospital, Cleveland. 
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A search of the literature reveals iimumerable opinions as to the sub- 
sequent course of apical systolic murmurs, but these opinions have not 
been based on followed eases. Most men are in accord with the state- 
ment that systolic murmurs at the apex are not reliable evidence of 
heart disease. Cabot, = in fact, does not believe that pure mitral insuf- 
ficiency can be recognized during life as a clinical entity. Eeid^ finds 
systolic murmurs in 20 per cent of the university students classified as 
normal. Fahr"* finds that 40 to 70 per cent of all children between the 
ages of six and fourteen years and 35 per cent of otherwise normal in- 
dividuals in the second decade have systolic murmurs. He states fur- 
tlier that if no diastolic murmur appears during one or two years fol- 
loudng the last attack of rheiimatie fever, and if the size and shape of 
the heart have not changed significantly, the murmur is probablj^ of no 
significance. Many of these murmurs are admittedly of no significance, 
but a certain number do progress to advanced cardiac conditions. In 
an effort to solve the problem as to how many will ultimately become sig- 
nificant, and if possible to establish criteria wliereby we may be able 
to judge wdiich murmurs will be of significance, we have undertaken this 
study of 100 eases followed over a pei’iod of years. 

For the purposes of this survey the patients studied were limited to 
young persons with uncomplicated systolic murmurs at the apex, either 
accompanjdng the first sound or reiDlaeing it. Patients showing any other 
pathological processes, such as acute febrile diseases, nephritis or con- 
genital heart disease, Avere excluded. 

Examinations of the patients reijorted Ai^ere made in the cardiac clinic 
of Mt. Sinai Hospital by the same group of men. Most frequently the 
patients studied Ai^ere sent to the Cardiac Clinic by the pediatide depart- 
ment because of the discovery of a systolic murmur. 

In this series a complete histoiy of the preceding infections Ai-as ob- 
tained in all cases studied. After a complete physical examination in 
Avhich the condition of the cardioA’ascular system aa'os stressed, an ortho- 
diagram and an electrocardiogram AA^ere made. These Avere repeated at 
the time of the last examination AvhereAmr possible. There AA'ere 49 fe- 
males and 51 males in the surA’^ey. The youngest Aims 2 years of age and 
the oldest 21 years of age. Seven of the patients Avere 5 years of age or 
under, 85 Avere betAA^een 6 and 15 years of age, and 8 AA^ere betAA-een 16 
and 21 years of age. The aA’^ei'age age Avas 10.15 years. The average 
number of years the patients AA^ere folloAA^ed Avas 6, AAhile the great- 
est number of years folloAved aaus 15. The cases chosen for the study 
all had fairly loud apical S3'stolic murmurs, Avithout other complicating 
murmurs. 

There Avere 2 deaths (2 per cent) during the observation period, one 
occurring after 8 years of observation, and another after 7 years. The 
first of these died of subacute bacterial endocarditis, and the second of 
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Four patients (4 per cent) developed combuicd lesions of ^nii a 

stenosis and aortic insufficiency. The earliest of these appeared d years 

after the systolic murmur was discovered wliilc the average appeared o.. 

3^ears after the systolic murmur was noticed. 

In ail, 30 patients (30 per cent) developed serious valvular complica- 
tions in the form of mitral stenosis, aortic insufficiency or both. Of the. 
remainder, 60 patients (60 per cent) showed uncomplicated apical sys- 
tolic murmurs, and 8 patients (8 per cent) showed complete disappear- 
ance of all murmurs at the time of the last examination. The small niini- 
ber of patients (8) showing disappearance of the nninniir is contrary to 
the popular conception that the majority of apical systolic murmurs 
seen in ambulatory children di.sappear as they grow older. This may 
be due in part to the care taken in looking for these murmurs. (This 
information is summarized in Table I.) 


Taboe I 

Follow-Up PixmxGS in 100 Casks or Apical Systolic AtuuMUiis 


No murmurs 

S per cent 

Uncomplicated systolic murmur 

60 

Advanced cardiac disease 

30 

Mitral stenosis 

17 per cent 

Aortic insufiicicnev 

f) 

Combined 

4 

Ueatlis 

2 


The relationship of the historj' of I'henmatic fever, chorea and ton- 
sillitis to the progress of the eases ivas studied. Twentj'-six patients 
(26 per cent) gave a history of rheumatic fever. Of these, 5 developed 
mitral stenosis, 6 aortic insufficiency, 2 combined aortic insufficiency and 
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mitral stenosis, 10 continued witli the apical systolic murmur, and 3 were 
found to be normal. 

Of the 12 patients ndio gave a history of chorea, 6 developed mitral 
stenosis ; one was found normal, and the remaining 5 continued with the 
systolic murmur. 

In totaling the patients with a history of rheumatic fever or chorea 
we have 38 patients, 19 of whom developed serious cardiac complica- 
tions. Therefore, given a history of chorea or rheumatism plus a sys- 
tolic murmur at the apex ive may anticipate a 50 per cent chance of seri- 
ous cardiac disease. 

Of the 17 patients giving a history of serious attacks of tonsillitis, 
mthout other rheumatic manifestations, 2 developed mitral stenosis, 2' 
developed aortic insufficiency, 12 remained witli systolic murmurs, and 
one -was entirelj'- normal. Thus of 17 patients giving a history of serious 
attacks of tonsillitis, four (or 23.5 per cent) developed serious cardiac 
complications. 

Of the remaining 45 patients (that is, those without history of rheu- 
matic fever, chorea or definite attacks of tonsillitis) 4 developed mitral 
stenosis, one developed aortic insufficiency, one developed both mitral 
stenosis and insufficiencj^, 35 continued with systolic murmurs, and 4 
became normal. Thus w'e have six patients (13.3 per cent) without any 
history of rheumatic fever, chorea, or tonsillitis Avho developed serious 
cardiac complications. (See Table II.) 

Table II 

Belationship op History to Development of Serious Cardiac 

Complications 


PERCENTAGE DEVELOPING 
SERIOUS CARDIAC 
COMPLICATIONS 


History of rheumatic fever 50 

History of chorea 50 

History of tonsillitis 23 

No history of infection 13 


These conclusions are in accordance with the findings of Morse® who 
states that in the cases in which rheumatism seemed to be the cause of 
the cardiac involvement the results were not so good as in the eases in 
which there tvas not a definite rheumatic history. 

We have also attempted to ascertain whether the presence of fever 
during the course of observation could be used as a prognostic guide. 
Seventy patients ivere found to have had some elevation of temperature 
(usually betiveen 99° and 100° P.) on at least 2 successive visits. Of 
these, twenty-five (36 per cent) developed mitral stenosis or aortic in- 
sufficiency or both, forty (57 per cent) remained with apical systolic 
murmui’s (one of’ these, ho’n^ever, died of subacute bacterial endoear- 
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Of interest is the fact that of the 7 pal 
only 1 developed mitral stenosis or aortic insnniciency, a 
girl first seen by ns at tlie age of 3 Avith an apical systolic imirinur. 1 his 
patient’s eonrse Avas nnoventful nntil she had her tirst attack of chorea 
5 years later at the age of eight, and then about IS months after this 
she began to shoAV signs of mitral stenosis. Also, 3 of lhe.se patients 
(45 per cent) showed eomj)lelc disappearance of the mnrnmrs later on. 
These findings tend to confirm the experience of many oi)server.s that 
systolic apical murmnrs in very yonng children are of no serions sig- 
nificance. 

"We liaA’c also classified tlio patients according to whether their con- 
dition at the last examination Avas improA-ed, unchanged, or Avorse, as 
compared Avith the first examination. This cla.ssification showed that 
16 patients (10 per cent) Avere improA-ed, 44 patients (44 per cent) Averc 
uneliangcd and 40 patients (40 per cent) were worse as far as their 
eardiae condition Avas concerned. 

Of the 49 females, four have married and have had from ono In four 
children each. One of these patients shoAved mitral stenosis at the last 
examination, Iavo shoAved only a systolic apical murmur, Avhile the third 
has no murmurs Avhatsoever. 

Forty-three of the patients .shoAved clinical enlargement of the heart 
at the time of their first. A’isit.. Of thc.se, one died and 15 dcA’cloped mitral 
stenosis or aortic insufficiency, Avhile 2 patienl.s sliOAved no innrmur.s at 
all at the last examination. In other Avords 37 per cent of those pa- 
tients shoAAung clinical CAudence of cardiac enlargement. dcA’cloped seri- 
ons cardiac complications. 

We next considered the value of tlie x-ray picture in the prognosis. In 
thirty patients the orthodiagi-am at tlie first examination showed the 
transverse diameter of the heart to be greater than half the diameter of 
the chest, that is, showed definite cardiac enlargement. Of these Hurt v 
cases, twelve (40 per cent) developed mitral stenosis or aortic iusuf- 

- T 

mumui at the last e.xamination. This cheeks closely witli the clinical 
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At the first examination tAventy-tliree of the patients were reported 
as having- negative orthodiagrams, -that is, no enlargement and no change 
in contour. Of these, only two (9 per cent) developed mitral stenoses. 
Of the remainder, four (18 per cent) showed no murmurs whatsoever, 
at the last examination, and three (13 per cent) were classified as un- 
changed at the final examination. From this we may conclude that a 
systolic murmur in the presence of a normal fluoroscopic examination 
has small chance (9 per cent in our series) of developing into a serious 
cardiac complication. This is in line ivith Berger’s® findings of the im- 
portance of the orthodiagram in distinguishing functional from non- 
functional murmurs. 

Electrocardiograms were taken in 76 patients (76 per cent). The 
P-R interval was found to be prolonged in only one case. There were 
eighteen instances of right axis deviation and four instances of left 
axis deviation, while the remainder of the records were essentially nega- 
tive. The electrocardiogram was found to be of no value in estimating 
the prognosis. 

By -vvay of illustration we shall briefly outline a few of our cases. 

Case 1. — S. P., female, first seen May 20, 1924, at the age of eighteen years. No 
history of riieumatic fever, chorea, or tonsillitis. At this time the heart showed 
moderate enlargement to the left. There rvas an accentuated first sound at the 
apex, followed by a blowing, musical murmur. The orthodiagram at tliis time showed 
mitral configuration -with slight enlargement of the left ventricle. The electrocardio- 
gram sliow’ed right a.xis deviation. In October, 1929, a faint presystolic mnrmnr was 
first heard, and in January, 1930, a faint diastolic murmur was also audible in the 
third interspace just to the left of the sternum. At the last examination, September 
24, 1931, there were moderate cardiac enlargement to the left, a presystohc rumble 
at the apex, a tympanitic first sound, and a systolic murmur, also a to-and-fro mur- 
mur at the aortic area. The blood pressure was 136/60 mm. The patient was work- 
ing full time as a teacher. During the entire period there w-ere no rheumatic episodes. 

Case 2. — A. S., female, aged nineteen years, admitted October 7, 1922. She had 
had chorea four years previously. At the first examination there rvas a systolic 
murmur at the apex but no enlargement. There was no x-ray picture taken at this 
time, but in 1926 the x-ray examination show-ed mitral configuration with additional 
slight enlargement to left and right (diameter of chest 24 cm., transverse diameter 
of heart 13.5 cm.). The electrocardiogram was negative. In 1928 a diastolic rumble 
first appeared at the apex. The last examination, October 6, 1931, showed tj-pical 
systolic and pz-esystolie murmurs at the apex. She has had four pregnancies during 
this period. 

Case 3. — S. B., male, aged nine years, admitted April 13, 1926. At this time 
he was having choreic manifestations. At the first examination there was a systolic 
murmur at the apex, but no cardiac enlargement. The orthodiagram showed straight- 
ening of the middle left cardiac margin but no bulging of the left auricle in the 
retroeardiae space. (Diameter of chest 19 cm., transverse diameter of heart 9.5 cm.) 
The electrocardiogram was normal, except for an inverted P-wave in the third lead. 
In March, 1930, a presystolic murmur appeared at the apex. At the last examina- 
tion, October 24, 1931, there were a presystolic thrill at the apex, presystolic and sys- 
tolic murmurs at the apex, and moderate cardiac enlargement to the left. The ortho- 
diagram at this time showed mitral configuration, with slight encroachment of the 
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C\SE 4— E. G., female, aped three and onc-hnlf .vears, adnutted .Tuly ..... 
There was no history of rhemnatie fever, chorea, or tonsillitis. Ex-amutat,on showed 
a blowing systolic, murmur at the apex, tramsmitted out to the h-ft, axilla, bu i 
cardiac enlargement. The orthodiagram at this lime .showed a trausver.se liear^ nith 
no enlargement. (Diameter of chest M cm., and transverse diameter of heart 7 cm.) 
The course was uneventful ami the last examination, Novemher M, llt.'tl, showed im 
murmurs and very slight enlargement of the heart to the left. The ortlmdiagram 
at this time was essentially normal. (Diameter of ctiest 19 cm., and 1rnns\orse 
diameter of heart S.5 cm.) 


SUMMAUY 


A follow-ttp study, covcviug an nvcra"o poriod of .si.\ yciivs, wi.s Jiiadc 
of 100 children with nncoinpHcatcd apical .sy.‘<tolic iniinnnr.s, with the 
folloAving results : 

1. Of all the patients .30 per cent developed serious eomjdientions 
(mitral stenosis, aortic iusufficicney or both). 

2. Of those giving a history of rheumatic fever <ir chorea of) ])er cent 
developed serious cardiac eomjtlicatious. 

3. Among those showing clinical enlargement at the first e.vnniination 
37 per cent devclopocl serious cardiac innnife.stations. 

4. Of those showing enlargement by orthodijtgvam 40 ])er cent de- 
veloped serious cardiac manifest aliens. 

0 . Only 9 per cent of those with entirely normal (luoroseopie findings 
developed further evidences of cardiac disease. 

6. Only 8 per cent of the patient.s .showed complete disa\)pcaraneo of 
the murmur. 

7. Only one of the seven patients 5 years of ago or nndor developed 
serious cardiac complications and this patient had an attack of chorea 
at 8 years of age, folloiviug wliieh .slie developed mitral stenosis. 

8. The electrocardiogram scorned to be of no value in o.stimuting the 
prognosis. 


We wish to thank Drs. II. S. Foil .ami Jf. L. .Siegel for their assistance in the ex- 
nmination of the patients and preparation of tiic paper. 
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ROENTCtENO&EAPHIC studies op the eight ventricle* 

G. Nemet, M.D., AKD J. B. SCHWTDEL, IkI.D. 

New Yokk, N. Y. 

-^'HE right ventricle is a chamber which is particularly difficult to ex- 
amine by the usual clinical methods. There are many instances 
where definite information as to enlargement of this chamber is valuable, 
if not indispensable. Eoentgenography of the right ventricle offers 
methods of study by which this information can be obtained in a suffi- 
ciently large proportion of cases to warrant its use as a routine clinical 
pi'ocedure. 

Kirehd in recent anatomical and physiological studies, has shown that 
each ventricle, the right as well as the left, consists of two physiological 
units, designated as inflow and outflow portions or tracts. That part of 
each chamber receiving blood from the auricles, formed by the area be- 
tween the atrioventricular ostium and the apex, is called its inflow tract. 
The part of the ventricle coiieerned in expulsion of blood, lying between 
the apex and the arterial ostium, is called its outflow tract. Below, we 
.shall attempt to show that parts of the inflow and outflow tracts of the 
right ventricle can be demonstrated radiographically. 

It is to be understood that radiography of these tracts must be limited 
to those portions of the right ventricle which b}' proper rotation of the 
patient can he brought into position, so as to outline the contours of this 
chamber. 

In a normal heart, in the usual postero-anterior position, the only part 
of the right ventricle visible in the cardiac contour is the pulmonic artery 
and a small part of the pulmonic conus. These are represented by the so- 
eaUed second curve in the upper part of the left border. Below lies the 
curve of the left ventricle, and the junction is especially clear in fluor- 
oscopy, where the outward thrust of the conus in systole is in contrast to 
the inward contraction of the left ventricle. This second curve, then, 
represents one part of the outflow tract of the right ventricle. It can be 
further emphasized by rotating the patient into the right anterior oblique 
position. This rotation brings out the conus and ventral portions of the 
right ventricle. 

The inflow tract, that portion of the right ventricle Ijdng between the 
atrioventricular ostium and the apex, is best seen in the left anterior 
oblique position. In this mew the subject should be rotated sufficiently 
(at least 50°) so that the heart is clear of the spine. The lower part of 
the right cardiac silhouette and the major portion of the diaphragmatic 
outline wiU make up the inflow tract of the right ventricle (Fig. 1)- 

*From the Medical Di\'ision and the Department of Radiography, Montefiore Hos- 
pital, Xe%v Vork. 
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1 i’ +iio TifrM auricle is roliitccl postciioil>, 
IP this P-'" ,„Bai»;sni,oncltc is rometl hy the visM 

;«rieplav appendix (Koeh and W.ceh-) d?.!:. -)■ 



to the "inflow tract." 



Fig. 2. — Copy of radiogi-aph in left anterior oblifiue position. The heavy hlach 
lines represent metal strips placed around the right ventricle of a cavlavcr heart in 
situ. Case of mitral stenosis, Note the extent to which the right ventricle forms the 
lower and ventral (anterior) borders. The right auricle has been rotated posteriorly 
and the right auricular appendix fonns the upper part of the ventral border. (AV. 
Koch and AV. Afieck, A.natomisc1ic Analyse dcs RocnlgcnbiUlschaiicns dcs Jlcrxcns,') 

On the diaphragmatic surface the diffcrcutiation of the parts of the 
border formed by right and left Amntricles can be made only by finding 
an anatomical landmarlt Avhich corresponds to the marginal part of the 
interventricnlar snlcns, 

Theie have been several attempts to diA-ide the Amutricular ontline in- 
to its right and left components. Bordet ’s“ method establishes an ajicx, 
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jvliicli does not, according to the author's outi description, correspond 
to the teminal portion of the interventricular groove as studied in post- 
mortem specimens. His established apex is the point lowest and furthest 
out on the left lower cardiac contour and is found several centimeters 
from the terminus of the interventricular groove. Onlj- in longitudinal 
hearts do' the two points correspond. In left ventricular enlargement, 
the points do not coincide, and this apical point is 2 to 3 cm. above and 
lateral to the interventricular groove. 

O'Kane, Andrew and Warren^ have attempted to reconstruct the 
course of the interventricular septum in left anterior oblique position, 
and its termination on the diaphragmatic contonr by drawing a perpen- 
dicular from a line connecting the upper parts of the two ventricles (the 
junction of the right ventricle and aorta to the junetioii of the curves 



Fig. 3. — ^Fluoroscopic tracing of a normal heart in left anterior oblique position. 
Compare 'srith Fig. 2. P indicates one of the points occurring on the diaphragmatic 
contour \s-hich must be differentiated from Uie groove. 

of the left ventricle and left auricle). The point at which this perpen- 
dicular transects the diaphragmatic border was considered to be the 
terminus of the septum. 

We have been impressed during routbie fluoroscopy in the last three 
rears by the frequency with wliieh an indentation in the left lower con- 
toiu' in the left anterior oblique position has been encountered. This 
indentation has the appearance of a groove or lip formation and is best 
seen in deep inspiration and in systole, when tliis part of the heart is 
raised from the diaphragm. It was felt that this indentation might 
mark the interventricular groove at its terminal point. If this conten- 
tion could be verified, an important landmark would be establislied, the 
use of which would reveal the exact iiarticipation of the right and left 
ventricles in forming the diaphragmatic contonr. Enlargement of the 
riffht ventricle on its lower surface could thus be recognized and the 
e-xtent of inflow tract involvement could be appreciated (Fig. 3). 


XKMICT-SCIIWKDKI-: KOi: NTCiKNOnUMMllC STriMKS OI' IMOtlT Vr.NTUK ‘LK Mu\ 


^tl:•rnon 

lu order to cslaldisli idoidily of the iuterventriciilar iii-onve witli Hie 
indentation as seen in llnoroseopy, the followin^r slejis weiv taken : 

Isolated and unopened human lu'urts were eovereit with iiariuni over 
the lowci- ])Ortions of the interventricular sule.us, The sulcus eau he 



Pip. •).— Hoiirt-liinp-llvor illswcllon In iM>.vt»Tli>r nntcflor i>'>; lllon. U.'iihim iiiivttir<' 
in iiuorventnou nr prcxivo. Notn Uml lu U\Ih jx.sUlnu Ui.- ilh-.'ctluu ..r Ui- Iuotvih. 
ineuiar frroove l.s vorllcaJ, 
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easily identified by tJie course of the coronarj^ vessels. The specimen was 
then radiographed in postero-anterior and left anterior oblique positions. 
In these positions, the terminus of the interventricular groove appeared 
in the left lower border of the heart. In left anterior oblique, _the 
groove as represented by the barium line corresponded to that seen in 
fluoroscopy. 



Fig. G. — Same heart-Iung-Iiver preparation in left anterior oblique position. (Com- 
pare with Fig. 5.) The direction of the interventricular sulcus now assumes an oblique 
course and the base is wide. 



Fig 7. — Heart-lung-liver preparation. Case of right ventricular enlargeme^, fol- 
lowing chronic pulmonary fibrosis. Hadiographed in left anterior oblique position ^yth 
baSSm Sure in Uie interventricular groove. Note marked lower width of heart and 
position of interventricular groove. 


TO oMai5 n.o..e ace„.-ato aoto 

in life, dissections of the „„d ,.„diogra,.hed 

,„ Mo without disturbing the “og''™ l,„rimn line, 

in be clearly recognised. 

indicative oi the lntel^elu^ more or less vertical, m 

corresponds to the position of the incisuva ns seen m fluoroscopy (Fig. • 

iVcises of right ventricular enlargement the barium lino representing 
.h^i,U«vemri™lar sulcus bad a lateral oblique course (lett anterior 



Pig. 8. — ^Piiotograpli of Situs Thoracis. Case of rliepmalic valvular ili.scasc, mitral 
stenosis predominating. Illustrates : (a) Jlarkod enlargement of the outilow tract 
indicated by the prominence of the pulmonic conus, (b) iMavked enlargement of the 
inflow tract indicated by arrows. Note the increased width of the lower iiorder of the 
iieart and tlie displacement of tlie interventricular groove. 


obliciue position) with its terminus on the diaphragm definitely displaced 
to the left and niiward (Fig. 7). 

These observations indicate that the incisura as seen in fluoroscopy 
can be definitely interpreted as being caused by tlie terminal portion of 
the interventricular groove. The active systolic elevation of the groove 
acconnts for the difference in appearance of the groove in fliioro,scopy 
from that in postmortem specimens. 

It is difaenlt to demonstrate the incisura in films in the left anterior 
oblique iiosition. This is due to the fact that the incisura is seen in 
systole while the radiographic exposure time includes portions of botli 
systolic and diastolic phases. It is likely that with synchronii^atiou of 
exposure vuth ventricular systole the incisura may he demonstrated in 
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films HI a mueli greater proportion of eases. Fluoroscopic examination 
is indispensable and in addition is sufficiently accurate to make such 
complicated procedures unnecessary. 

The ineisura caused by the terminus of the interventricular groove as 
seen in systole must be differentiated from other indentations in this part 
of the cardiac contour. Such breaks in contour presenting a somewhat 
angular appearance may be caused by : 

(1) The junction of the inferior vena cava with that of the lower out- 
line of the heart. Tliis shadow^ is usually located to the right in a central 
position (see Fig. 3). 

(2) In a few instances, a shadow similar to the one caused by the in- 
ferior vena cava, but further to the left, may be obsexwed. This is situ- 
ated below the definitely visualized ineisura and may be due to the peri- 
apical portion of the pericardium. 

(3) Another indentation lies between the left ventricle and the left 
auricle above. TMs is considerably higher than the ineisura, and should 
cause little difficulty (see Fig. 10). 

In general, it may be said that the groove is best visualized in vertical 
hearts. It is also seen, howmver, in globular and horizontal hearts in a 
sufficiently large proportion of eases to make it distinctly wmrth while to 
look for it. 

In reviewing the literature we found that Pezzi,®^ observed this in- 
dentation, recorded it orthodiagraphicallj’-, attributed it to the inter- 
ventricular groove and attempted to transfer this point to he orthodi- 
agi-am in the postero-anterior position. No attempts Avere made by 
him to observe or utilize this point in j-eference to right ventricular 
enlargement. 

Koch and Wieck- placed metal strips about the indiAo'dual chambers of 
the heart in hardened cadavers and then radiographed the thorax in 
various positions. The interventricular groove was one of these land- 
marlvs made Ausible. This grooAm corresponds in location and course to 
that seen in our specimens (see Fig. 2). The groove in neither instance 
wmuld correspond to the point obtained in the construction of O’Kane, 
Andi’ew and Warren.^ The adAmntage of our procedure in localizing 
the inteiwentricular grooAm is that this is a direct Ausualization and 
renders arbitrary constructions unnecessary. 

ENLARGEMENT OF THE RIGHT VENTRICLE 

Outfloiv Tract Enlargement . — The fii'st demonstrable enlargement of 
the right ventricle occurs in the outflow tract in a direction upward and 
to the left. During the next phase there is increase in mass ventrally 
and further upward. The right ventricle encroaches on the left ventricle 
below as well as above. With further encroaeliment of the right ventricle 
upon the left, rotation of the heart and aorta takes place. The lateral 


*For this reference we are indebted to Dr. H. R. Miller. 
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parts of the left ventriele are aispbced posteriorly hringing the right 

Tentricle forward, upward and to the left (Fig. 9). 

The rodio-raphic manifestations of these changes eonsist essentia h 
of “Son’of the upper and tniddle parts of the left cardtae horcler 
without necessarily any change in the outline of the right cardiac horde. 



Fig, 9. — Enlargement of tUe outflow tract. The pulmonic conus i.s prominent. 
Note the drop in convexity of the left lower border Sndic.ating that the left venti'iclo i.s 
not enlarged in this case. Note also that the heart is not enlarged to the right. Case 
of mitral stenosis. 





This ahsence of enlargement to the right cannot he emphasised too 

stiongly. The varying degrees of this outflow tract enlargement are 
seen as: ^ 

(1) Slight enlargement: increased prominence of the pulmonic artery 
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• enlargement: the conus enlargement causes straighten- 

ing ot the normal concavity in the upper part of the left cardiac border 
(postero-anterior position), prominence of the conus, then actual buh-- 
ing in this region. 

(3) Marked enlargement: still greater enlargement of the outflow 
tract results in downward prolongation of this bulge or prominence, espe- 
ciallj’ well seen when there is no marked enlargement of the left ventricle 
(Pigs. 9 and 10). (In cases of marked conus enlargement interpreta- 
tion of the second curve to the left as being due to left auricle has no 
basis anatomically, except in a few instances when an overlapping of the 
aiu-icular appendix and the conus may occur.) Enlargement of the 



Fig-. 11 . — 'Defimte enJarg-eiiient of the outflow tract. The pulmonic conus and pul- 
monic artery are prominent. There is also some left ventricular enlargement. Heart 
is not enlarged to the right. The left auricle was not enlarged (autopsy). 

outflow tract of the right yeutriele, without enlargement of the left 
auricle or appendix, is sufficient cause to account for all the radiologic 
changes described above (Pig. 11). 

‘\\niile several of these changes were described in the older radiographic 
literature, the correlation and interpretation of the above mentioned 
facts have been definitely established by Assmann® and his associates, 
in whose excellent papers the characteristic radiography and their 
anatomical bases have been amply correlated. In the American litera- 
ture, these aspects wez*e recently amplified by Steel.” 

Inflotr Traci Enlarcjement . — ^Enlargement of the ontflow tract is seen 
chiefly in the left cardiac border; study of that of the inflow tract re- 
quires another method of approach. According to Kircid enlargement 
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ment of the inflow tract is very marked. It will also disappear when 
there is enlargement of the right auricle, and the same round contour 
may result. Certainly it may be said that the portion of the outline be- 
low the angulation is right ventricle. Above, it may be either auricle. 



Figr. 13. — Advanced enlargement of tlie outflow tract. Straightening out and 
prominence of the left upper cardiac border. No enlargement of the heart to the 
right. 




Fig, 14. — Fluoroscopic tracing in left anterior oblique position. Same case as in 
Fig. 13, marked enlargement of the inflow tract with prominent ventral border, broad 
lower contour, and displacement of the interventricular groove. 


or ventricle and auricle together. It is only in this position (1. ant. 
oblique) that -the right ventricle and right auricle can be differentiated. 

The diaphragmatic contour has received little attention, even in the 
recent literature, chiefly because the differentiation of this outline into 
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its components is difficult (Assmnnn«). Tim impoilmmo ^ 
neglected contour lias been only recently discussed b> Aikussi, n o 
empliasized the significance ol right and lett ventricular culaigmne 
on the broadening of the base. The locali’/ation ol the interventriculai 
groove affords differentiation of the diaphragmatic contour into right 
and left ventricular portions. Enlargement of the diaphragnialie por- 
tion of the right ventricle manifests itself (1) in broadening of the base, 
(2) prominence of the right lower border, (3) and finally, ni actual dis- 
placement of the groove to the left (Figs. 13 and 11). 

There is anatomical evidence of displacement of the septum to the left 
in right ventricular enlargement (Koch and AVieclc-). In right ven- 
tricular enlargement the septnin describes a curve with its convexitv to 
the left. The degree of curvature of the septum in its upper jmrtions 
does not necessarilv correspond to the degree of radiographic disjdacc- 


ment of the groove to the left. Inflow tract, enlargement may, however, 
be present without displacement of the marginal portion of the inter- 
ventricular groove. These observations have been confirmed at post- 
mortem examinations. It follows, therefore, that the displacement of 
the groove indicates markedly advanced enlargement of the inflow tract 


of the right ventricle. ’With the iiieisuria as a landnmrk, it was seen 
that the ratios of portions of the diaphragmatic outline occupied by 
right ventricle to left ventricle vary from 4 to 1, 5 to 1, or even more, 
denoting various degrees of right ventricular enlargement. Tliis is 
contrasted to the 3 to 1 or 2 to 1 ratios ohserved in the normal left ante- 
rior oblique. In right ventricular enlavgcmeiit the greatest part of the 
diaphragmatic border as seen in left anterior oblique therefore is con- 
tributed by the right ventricle (see Pig. 7). 

Enlargement of the left ventricle will tend to displace the septum so 
that its convexity is to the right. Since the maximal displacement takes 
place in the upper and not the marginal portions of Ihc septum, it fol- 
lows that only very marked enlargement of the left ventricle will cause 
an appreciable displacement of the groove to Ihe right. It seems that en- 
largement of the inflow tract of the right ventricle displaces the gi-oovo 


more frequently than does enlargement of the left ventricle. This is 
probably because enlargement of the right ventricle results in rotation 
of the heart to the left. 

In left anteiior oblique position the lower ventral border is formed by 
the right ventricle (the right auricle particii)ating in cases of very ex- 
cessive enlargement, but not in those of moderate, or even marked en- 
largement). The diaphragmatic contour up to the incisura is also 
formed by the right ventricle. Therefore it follows that an ouUwc 
representing almost the whole extent of the inflow tract of ihc riaht 
ventricle can he demonstrated rad.iologkally. 

Inasmuch as we have stressed the importance of the groove as a land 
mark in the differentiation between right and left ventricular contours 
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it IS necessary to add that there are certain occasions when tiie ineisnra 
cannot be visualized. Such may be the ease when the left leaf of the 
diaphragm is elevated and fixed because of adhesions. Fluid and other 
shadows also obscure the cardiodiaphragmatic contour. In horizontal 
hearts with high diaphragm, inspiratory excursions may not be of suffi- 
cient depth to reveal the lower segments of the heart. In eases where 
systolic contractions are superficial and there is no sufficient upward 
movement with each contraction, the ineisura may be suspected but not 
clearly defined. This is frequently the case when cardiac enlargement 
is excessive, especially when the left ventricle is so large that the groove 
is located at or about the center of the diaphragmatic contour of the 
heart (left anterior oblique position) , 

Our observations clearly indicate that the segment of the heart resting 
on the diaphragm in left anterior oblique position consists of the right 
ventricle. The ineisura, when visualized, was found at or near the point 
where the cardiac contour on the left .side rises from the diaphragm. 
This localization is remarkably constant. While the ventral border, may 
be influenced by excessive enlargement of the right auricle, definite in- 
flow tract enlargement always results in a broadened base extending to 
the ineisura. When the groove is not jusualized because of the diffi- 
culties mentioned above, we feel that one can assume that the right 
ventricle reaches to the lower portion of this rising line. This holds 
true with the exception of those eases where the left ventricle is markedly 
enlarged on its diaphragmatic surface. 

From the above consideration it follows that with the use of the 
method described, not only is the right ventricular outline defined, but 
its constituent physiological units are differentiated. To study satis- 
factorily the right ventricle it is necessary to examine the outflow tract 
(postero-anterior position), then the inflow tract (left anterior oblique 
position). Presence of outflow and inflow tract enlargement can so be 
recorded. It is suggested that this procedure be applied routinely in 
radiography of the heart, since it gives information not available by any 
other method. 

Py applying this method to examination of extensive clinical material 
we found that enlargement of the outflow tract is easily recognized, even 
in its early stages, and need not be associated with demonstrable enlarge- 
ment of the inflow tract. On the other hand, inflow tract enlargement 
could be definitely shown roentgenologically only when there was con- 
siderable enlargement of this portion, and only rarely in the absence of 
outflow tract enlargement. The cause of the difficulty in recognizing 
incipient enlargement of the inflow tract lies in the vai'iability of the 
normal anterior contour in left anterior oblique position. ^ Only con- 
siderable deviation from normal will afford positive diagnosis of 
enlargement. 
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To evaluate the findings obtained in this study it is necessary to recall 
the general rule that the object of radiogi-aphic cxamiualion of the heart 
is limited at present to recognition of enlargement of individual cham- 
bers of the heart. The significance of this enlargement must be reserved 
for clinical studies to which radiography supplies important data. 


SUMMARY 

A fluoroscopic method for demonstration of the marginal section of 
the interventricular groove located on the lower anterior surface ol; the 
heart is described, and the application of the method is discu.ssed. 

A pi’oeedure for sy.stematic radiologic study of the outflow tract and 
of the inflow tract of the right ventricle is described. 

Based upon this study the following criteria for recognition of en- 
largement of the right ventricle are suggested 

(A) Outflow tract (postero-anterior position) . 

Prominence of the pulmonic artery and conus on the left uiiper or on 
the left upper and middle cardiac border. 

(B) Inflow tract (left anterior oblique position). 

(1) Prominence of the right lower cardiac border, (2) angulation of 
the anterior contour, (3) broadening of the diaphragmatic outline, (4) 
displacement of tlie interventricular groove to the left, and upward. 

This study was possil)lc through cooporaiiou of Dr. A. J. Bcnclick. tVo arc 
greatly indebted to Drs. D. Porla, IT. Jvtigcll, and S. Koscu for (heir valuable 
assistance in carrying out the postmortem .studios. 
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FUNCTIONAL LONGITUDINAL BLOCK IN THE 
HUJMAN HEART 

A Probable Case With Unusual Arrhythmia^^ 

Wm. J. TCerr, M.D., AND John J. Sampson, M.D. 

San Francisco, Calif. 

INTRODUCTION 

'T^HE ease witii its electrocardiographic record is presented heeause 
it represented, we believe, a iilienomenon wliieli is in conflict with 
the present generally accepted opinions regarding the mechanism of the 
spread of the excitation and contraction waves througb the hnman 
heart. 

’ A summary of the patient ’s histoiy is as follows : 

CASE REPORT 

Miss A. T., ,1 young woman aged twent3'-one years, was first observed in tbe 
University of California Hospital on September 12, 1924. Her history was charac- 
teristic of exophthalmic goiter for three j'ears, witli the usual symptoms of weak- 
ness, nervousness, loss of weight, taehj’cardia, a large vascular goiter aud ocular 
changes. She -had been under the care of Doctor J. W. James of Sacramento, 
California, who had treated her for congestive heart failure and thyroid disease 
by rest, iodine and roentgeu ray therapy (tliirteen ex'posures over tlie tiij-roid gland 
and ten over the thj’mus). She had had alternating periods of tachj'cardia and 
brad.ycardia. 

There was a liistorj' of involvement of the heart during an attack of scarlet 
fever at five years of age. There had been several infectious diagnosed as infiuenza, 
pneumonia and tonsillitis between the ages of sixteen aud twentj' years. 

Physical examination showed the usu.al manifestations of severe Graves’ disease 
with all the ocular signs associated with the disease including marked exophthalmos. 
Tlie thjwoid gland was of great size and veiy vascular. 

The venous pressure wms increased. The liver was slightlj’’ enlarged, but there 
was no edema of the dependent parts. The heart was greatlj’ enlarged to the left. 
The action was regular, rate rapid, and tliere were sj'^stolic and diastolic murmurs 
indicative of involvement of both aortic and mitral valves. The s3'stolie blood 
pressure was 120 and the diastolic was 40 mm. Hg. The basal metabolic rate was 
00 per cent above the theoretical normal. The vital capacity was within normal 
limits. 

Teleroentgenograms showed the heart to be enlarged downward and to the left 
with a straight left border. The apex was rounded. The shadow of the auricles 
was increased. There was increased densit3* of the shadows over the base of the 
right lung, and the central markings of botli pulmonary fields were exaggerated. 
There was no evidence of enlarged thymus. 

Dental caries was marked and apical abscesses -were numerous. Other examina- 
tions were unimportant and are therefore omitted here. 

»From the Department ol Aledicine, University of California jMeclicaV School, 
San Francisco, California. „ , . . . . , 

Read before tlie meeting of the Association of American Physicians at Atlantic 

City, May, 1031. 
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KERR AND SAMPSON : 


functional LOKGlTUDINAIf BLOCK 


T • nf Pnvos’ disease of marked degree -with coincident infections 

.alvlitis of long ntnnelng n... .nn.lc, 

” 'it pS:.t .:Sed in Lonpitnl for forty dnys .,n„ ,v»,, ; 

Trent, «L e.nsintcd of rent, high enlorie diet, 

TCjrion the insertion of bare tubes of radium emanation (S.O m.c.li.) into ^al ous 
pa^-ts of the thyroid gland and left in situ, iodine in the form of Lugol s solution 

^^Thrcardtc'late varied from 90 to 120 per minute, and the rhythm was regular 
until the fifth week when complete heart block suddenly developed, tbe auncu ar 
rate being 130 and the ventricular rate 55 per minute, Por three days thcrcatter 
the block persisted, and on the third day the auricular rate was 140 and the veil: 
tricular fate had increased to 85 per minute. After each second or third auricular 
complex in the electrocardiogram, the otherwise independent rhythm of the ven- 
tricles was disturbed by a response of these chambers, which seemed to take its time 
from the auricular impulse which preceded it bj- 0.20 to 0.2S .see. This auriculo- 
ventricular block was coincident with overdosage of digitalis and dis.'tppcarcd when 


the drug was eliminated. 

Throughout the period of observ.ation, and before any digitalis was given, the 
T-waves in Lead III of the electrocardiogram were inverted and there was a mod- 
erate degree of right electrical axis deriation. 

Upon discharge, the thyroid condition was greatly improved. During the second 
week of observation the basal metabolic rate bad fallen to 44 per cent above tbe 
theoretical normal. There was a gain in weight of 0 pounds. "With clinical improve- 
nient of the Graves’ disease it was still more apparent that there was aortic and 
mitral valvular disease of the heart. 

From December, 1924, until February, 1928, the patient pursued a fluctuating 
course with a gradual trend of improvement hi the signs and symptoms of the 
Graves’ disease under oral iodine and roentgen ray therapy. Bj' February, 1927, 
except for slight dyspnea on moderate exertion and periods of palpitation, she bad 
no sjTnptoms. Signs of aortic and mitral valvulitis were constant. The thyroid 
gland could not be definitely felt. On one occasion an irregularity of rhytbm was 
noted at examination with apparent coupling of the beats. Wo were unable to 
secure au electrocardiogram, ou this day. 

On February 23, 1928, she returned for an electrocardiogram and basal metabolic 
late determination. The latter showed S.S per cent below the theoretical normal. 


Tlie electrocardiogTaiii, taken after a considerable delay tvliieh greatly 
disturbed tbe patient, was remarkable and is tbe subject of this report. 
Sbe -was not conscious of bavdng had any attacks of palpitation during 
that day. Miss Nagle, our tecbnician, observed tbe irregnlainty in tlie 
movement of tbe shadotv of the fiber after an initial record bad been 
made. Immediately thereafter, Miss Nagle took a second record, tbe 
curves of Leads II and III sbondng tlie abnormal responses, prior to tbe 
ermmation of the attack. Tbe sequence in taking this record was Lead 
ill, Lead II, and lastly Lead I. 

It can be stated with positire assurance that no one else was in tbe 
electToear^ograpMe laboratory except tire patierrt and tl e tee Joia . 
AMrongb rye have cables to trvo rrard stations, the ternrintds at Z 

fZrr‘Tr”° “ -ard stations cannot bZon 

2* d srmultaneonsly ryitb the laboratory inlets. No one oZr than 
«.e teehnrc.au had any duties in arranging the electrodes for Z Z 
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at the tvard statioits or at the central station. The toclmioian conM not 
hare been in contact tvith the body of the patient and have released 
the plate carrier at the same moment since the conch was several feet 
remLd from the galvanometer. The tcchme.nn made no dtreet con- 
tact with the galvanometer terminals. 

In June 1928, four montlis after the mnisunl curves were oblainea all the upper 
teeth of the patient were removed, and for a month thereafter .slie had frequent 
brief attachs of palpitation with great distress and cyanosis. The rate at the apex 
varied from 30 to loO per minute as observed by her mother. 

We have been unable to observe her in another of these attachs, and interim 
electrocardiograms have not shown variation in the shape or height of the deflec- 
tions from the previous records during regular rhythm. The QKS time interval 
increased from 0.10 to 0.14 see. in the four years from 1024 to 1028. 



Fig. 2.— Tlie electrocardiogram of oUiss A. T. after the period of arrhythmia. 


DISCUSSION 

Fig. is the eleetrocarcliogram taken during the above deserihed. 
attack vnth an Eiuthoven string galvanometer, Cambridge Instrniuent 
model. The string calibration was 1 centimeter response to 1 millivolt. 
The patient was on an isolated circuit ndth no iudmdnal in contact with 
her or with the electrode leads; and it was impossible for the technician 
using a standard technic for operating the apparatus to superimpose 
leioim cardiogram on that of the patient, as previously detailed. 

afttl “3 III, taken dnrmg the 

attack, that two mdependent rhj^luns, regular but of clHtcrent rates 

are piesent. Both rhythms have normal P, R, S and T-waves but the 

• t: rrr;tat r;r: n ‘n ^ 

1. \\ Hat may he called rhjdhm 1 liad a rate 
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of approximately 80, and -svhat may be called rbidbm 2 liad a rate of 
approximately So per minute. The P-R intervals of both rhAdbrns are 
0.17 sec., as closely as can be measured. It nill be observed that there 
is nearly , although not precisely, the same cyclical variation in both 
rhythms suggesting the same autonomic nen^ons system control of both 
pacemakers. 

The patient's normal electrocardiogram, taken on the same day and 
repeated many times mithout appreciable alteration in form, is given 
in Fig. 2, and it wiU be seen that the P, R, S and T-naves in hoth 
Leads II and III arc electrical summations of the potentials demon- 
strated by the individual rhythms during the attack in Leads II and III 
of the electrocardiogram in Fig. 1. It is believed that this is genuine' 
prcof that this remarkable double rhythm -was not an artefact. 

There is no experimental prcof at hand to lead us to draw any certain 
explanation for this phenomenon if the two am'ieular and ventricular 



Pig. 3. — ^Hunian electrocardiogram from Hoffman -which he interpreted as an illustra- 
tion of longitudinal dissociation. 


contractions occur simultaneously and are so completely isolated from 
each other that there is no influence of one rhrdhm on the other. If one 
contraction wave invaded the area of the second wave, the normal 
refractory quality of the heart muscle, which is presumably present, 
would prevent a second contraction occuiTing. On the contrary the 
second cycle of auricular and ventricular deflections occurs unimpeded 
dniing aU phases of the cycle of the first rhythm. 

An hypothesis may be ventured, namely, that a portion of one or 
both auricles is responding to a constant pacemaker, independent of the 
normal pacemaker, "with a pathway to one or both ventricles, and, that 
one or both auricles and ventricles, and the pathway between, are dis- 
sociated by all functional contact from the remainder of the heart. It is 
as if longitudinal sections of the heart were acting independently. Such 
a phenomenon has been termed longitudinal dissociation but only report- 
ed in isolated beats (Hoflman^) (Fig- 3*). 


*This record has been examined by many cardiologists, and it is uniformly agreed 
that the possibility of artefact cannot be excluded. 

It is not necessarj- to assume that the dissociation is a trae +v,p*°i?,r?cniar™or 
non ' nor if it were such, is there any known proof in man that the auricular or 
ventricular deflections must be in opposite directions in the independent rhythms . 
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. 1 V Kent^ iDiiblislied in 1893, iUnstrated both 

The nnconfirmed work of Ke , ^ auricles and the ven- 

tsirSLrLrrxr^a^ 
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Fig. 4 A, B, C, and D . — Four electrocardiograms of newborn infants. (From Burg- 

hard and Wunnerlich.) 


,0, n D 







Fig. 5 A and B. — Electrocardiogram from 90-hour chick embr 5 'o. Direct axial leads. 
Two portions of the same continuous record. 


incut of the human heart such a mechanism may be present, through 
faulty dift’ereutiatiou in the conduction system, after the division of 
the heart from a two to a three and from a three to a four chambered 
oigan. This faulty differentiation may persist as a functionless anatom- 
ical structure in certain hearts with rare periods of reversion of such 
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pathway to activity. Only by a fortunate accident could this rever- 
sion be recorded. Certain pathological changes may also predispose to 
this mechanism. 

It occurred to us that other evidence of such a pathway could be 
found in the embryonic heart oi' in the heart of eaidy infancy. Fig. 4A, 
B, C and D are the electrocardiograms obtained from premature infants 
by Burghard and “Wunnerlich^ who interpreted the irregularities as 
recurrent extrasystoles. These records, we believe, illustrate similar 
dissociation vdthin the ventricles. It is not possible from the cmwes 
presented by these authors to determine whether definite auricidar waves 
precede the ventricular deflections. 

Pig. 5 illustrates the records that Avere taken with an amplifying 
13136 of galA'-anometer on one of a sei’ies of chick embrj^os. This par- 
ticular record Avas made from a specimen of an approximate age of 
ninety hours. Here again no aurieulai- AvaA^es Avere recorded, but the 
heart AA^as grossl 3 >- observed to contract segmentally along a longitudinal 
plane. The electrocardiographic record, taken from axial leads, shoAved 
apparentty the same functional dissociation Avith eAudence that the 
second portion of the heart Avas uninfluenced by the refractory period 
of the contra ctio3i Avaves of the first portion. 

CONCLUSION 

Whereas it is recognized that no conclusive explanation can be given 
for the phenomenon observed in tliis patient, and that the possibility 
of artefact cannot be completety excluded, Ave feel that it represents 
an unusual state of intracardiae dissociation and possibty maj^ be a 
rcA’-ersion to an embryonic mechanism. 
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TTTT? STATUS ANGINOSUS INDUCED BY PABOX^SjMAIj 

PAROXYSMAl. 

TACHYCARDIA'^ 

Paul D. Y'hite, M.D., axd Paul D. Ca^ip, ILD. 

Boston, JIass. 

ILLIiOI HEBBRDEN^ in 1768 was iUc fu-si lo give Ihe name 
pectoris” to the syndrome of paroxysmal substernal op- 


W 


‘ angina 


pression on exertion. A great deal lias been written about tins syndrome 
since that time, and wc have not yet learned the whole slm-y. Y c Inne 
known for years that more factors than one have a part in the produc- 
tion of angina pectoris and only this year Lewis*' has attempted to sepa- 
rate off one group of eases from the rest, that group consisting of pa- 
tients with marked hypex'tcnsion and tachycardia occurring onl.\ at the 
time of the angina pectoris and attributed by him to a kind of vasocon- 
strictor storm in which the coronary arteries arc among the vessels in- 
Amlved. In the present paper we wish to call attention to still another 
association of angina pectoris, namely that, with vailous types of 
paroxysmal tachycardia. 

It is a fact generally known that sino-anricular tachycardia and a 
rise in blood pressure frequently occur during an attack of angina pec- 
toris or may bring on an attack. Mackenzie'*’ calls ]inrticu1ar attention 
to this, citing a case in which during a test for sensitiveness of the skin 
of the left breast the heart rate suddenly increased from 90 to 130 with 
an accompanying severe attack of angina pectoris. Numerous other 
authors, particidarly Lewis** during the past year, have written of the 
increase in blood pressure and also of sino-auricular tachycardia Avith 
angina pectoris. 

Occasionally angina pectoris and paroxysmal auricular fibrillation or 
flxttter or paroxysmal tachycardia occur in the same patient at dif- 
ferent times. Levine' found that only one out of 103 cases of angina 
peetoi'is showed persistent auricular fibrillation and that one patient 
shoAved transient fibrillation; during this same period he saw 423 cases 
of peisistent auricular fibrillation and of this group 200 Avere obsciwed 
in elderly persons Avith “chronic (nonrheumatic) myocarditis.” Mac- 
kenzie,'" LeAvis,® and Y'hite'- have also called attention to the infrequent 
association of angina pectoris and auricular fibrillation. It is a common 
clinical finding that Avhen persistent auricular fibrillation sets in angina 
pectoris usually disappears. HoAvever, paroxysmal auricular fibrillation 
IS not so rare in patients AAdth angina pectoris. 

Infrequently, paroxysmal auricular fibrillation or paroxysmal tacliy- 
ca^is found complicating acute coronary occlusion. This fact lias 

Association of A.nerican Pl,y.si- 
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been noted by various ivriters; for example, Robinson and Herrmann” 
reported that of four eases of paroxysmal ventricular tachycardia, one 
had eoronaiy thrombosis (proved at postmortem examination). 

Frequently, discomfort occurs -with paroxysmal auricular fibrillation, 
paroxysmal auricular flutter, or paroxysmal tachycardia, but such dis- 
comfort is not generally of the nature of angina pectoris. Leiris,® in 
his discussion of the symptoms of paroxysmal tachycardia, included in 
one group of such cases ‘ ‘ anginal sjunploms, varying in intensity from 
slight precordial pain or a sense of compression with skin tenderness to 
the violent continuous pain radiating in the characteristic fashion over 
the chest into the neck, into the left arm, or both arms, and into the 
abdomen. ’ ’ Barnes and Willius^ reported 19 eases of paroxysmal taehy- 
cai’dia with pain similar in type and location to that seen in angina pec- 
toris but of longer duration, the pain occurring only with the paroxysms 
of tachjmardia. The patients did not have angina pectoris between the 
paroxysms. Laslittj^* among others, has noted pain occurring during 
paroxysmal auricular fibrillation, but not characteristically anginal. 

Finallj^, angiva pectoris is induced in rare cases as a status anginosus 
hy paroxysmal auricular fibrillation, paroxysmal auricular flutter, or 
paroxysmal tachycardia in patients who already have shown angina, pec- 
toris on effort. It is the purpose of this report to call attention 
to this combination which, though rare, is of considerable importance, 
particularl 3 ^ because of the need of differentiating it from coronary 
thrombosis. 

Three of the four ease reports recorded herewith illustrating this 
condition were obtained from the records of 4,000 cardiac patients seen 
in our jirivate pi’aetiee. For the remaining case report we are indebted 
to Dr. Frank M. Howes of New Bedford, Mass. We have searched the 
records at the Massachusetts General Hospital without being able to 
find a clear-cut case of this sjmdrome. There were several doubtful 
eases. 

CASE REPORTS 

Case 1 . — Angina pectoris and paroxysmal auricular fibrillation. W. P. B., a 
married woman of sixty-eiglit years, was seen on August 3, 1930, by Dr. Howes. 

The essential points in her past history were that there had been no illness 
except colds, and no pregnancies. For the past three or four years she had had 
pain under the sternum on exertion, with distress radiating down both arms. 

On August 3, 2930, while quiet at home, she complained of pain in the chest, 
substernal in location and radiating down both arras. This pain felt exactly like 
her angina pectoris of effort but it occurred while she was quiet and persisted 
for hours. Hr. Howes was summoned and administered morphine subcutaneously. 
He thought at the moment that he was dealing with acute coronary thrombosis 
but later events caused him to change his mind. 

Phy.sieal examination at this time (August 3, 1930) revealed a well-developed, 
slightly obese woman. Her color was good and the pupils were normal. The 
teeth were false except for six in the lower jaw in front. A small adenoma of 


WHITE ANn caime: akgikosi.'h 




, •, <-nif Tho hc-irt border? could not be nuule. out. There wn? a 

Tl» svs,or,.., ,.rc.™n. 

w‘is 140 mm of mcrcurv. There was no edema of the liinfl-s or extiemdie.. 

‘ The aurienlnr hbriUutiou stopped while the patient was be.n« 
the pain went away at once. The rhythm was then re{,M.lnr at a rate of t.S 
per minute. There were no seciuelae even sugpeslinj: coronary thro.ubos.s. 

The patient was dipdtnlizcd and then {jiven n ration of one and one-half Kra.n.^ 
of digitalis five davs per wceh. She has continued to have dehn.te angnm J)e<- 
toris associated with exertion. The blood pre.ssure ha.s varied fmn. 300 to 1.>-1 
aim. of mercurv svstolic and from SO to SS mm. diastedte. The puls.' has r.e 
mained regular'at a rate of GS to 70 beats per minute, except during j.aro.xysms 
of fibrillation. She has had three, such attnehs lasting for one to three hours and 
each attack has been accompanied by angina pectoris. 

Case 2. — Aiiginn pectoris oiid paroTii.tmnl mirictdor fiUriUnlinn. C. Ti. S., male, 
aged sixty-two year.s at the time of his first attack ol paroxysmal auricular fibril- 
lation with angina pectoris in December, 1020, was seen by us in consulfat ion for 
the first time on .Tammry 17, 102S. He had always beea well and active, except 
for occasional attacks of gout and au appendectomy in lS!t2, until lOOS when he 
first began to feel on exertion, .such as golfing uphill, low substcrnal distress and 
pain, radiating upwards and outwards part rvny to the axillae, more on the left. 
IVhcii the oppression was more severe he would notice, in addition, nehing in both 
wrists, but not in the arin.s or hands. This ))ain would last five to fen minutes 
and would disappear on resting. At that time the pain did not interfere with 
his work or play, but there was a gradual increase in the freipieney of attacks 
and to some extent an increase in severity of the nttaeks. During llie two years 
prior to consultation ho had been greatly cripfded by tiio angina pectoris and 
had led a retired, sheltered, and inactive life. The attacks migiit. occur .sever.nl 
times in twenty-four hours. As he was very sensitive to iiitroglyecriuo he did 
not use it much but- said that he found aspirin somewhat hcli»ful. 

On physical examination he was found to ho well developed and nourished. His 
pupils were equal and active. Tlie lungs were clear. Tlie liver was not fell. 
There was no edema of the extremities. The maximal ap.'.x impulse of the heart 
was felt under the sixth rib, 5).5 cm. to tlie left of the midsternal lino ami 1 cm. 
beyond the midelavieular line; the loft border of dullness corresponded. 'Phere 
was a moderate blowing aortic systolic inurmnr, heard less well at the ajiex. The 
rhythm was regular and the pulse and apex rates were 72 per minute, 'Phe blond 
pressure was 170 mm. mercury .sy.stolic and 70 mm. diastolic. The elect rocanlio- 
giam showed normal rhythm, at a rate of SO, modcrato loft axis deviation, and 
rather wide S-waves in Lead II. ’ 

He was seen again by us on September 34, 3028, and stated tbat bis angina 
pectoris had continued more or Ic.ss the same until about one month prior to this 

; *ttbvcks. Ho found 

he could take rntroglyccrinc graiu.s 3/200 and (his dose gave quick relief. Piivsienl 
examination and electrocardiogram were csscntiallv as before 

.vnf i,x I'itrr c.™ i,c 

i.S to S nf »>' VO., I, tool., r roto l.o- 

Ptocor<l,„l 00,1 sotelcrool ,,„i„ ,vl,tol, 1,„<1 o,. 
morphine sulphate subcutaneously, then 


required 
mor 


1/8 grain of 


1/4 grain 


poio. Kitrites sovo .0 ,e,tol. Ito Xi<" 
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tion (a relatively slight symptom) and the pain (severe) continued, although 
numbed by the morphine, until four-thirty the following morning (a total of 
eight and one-half hours). He slept the remainder of the night. When seen in 
the morning his pulse was regular at 80; he looked well and was free from pain. 
An electrocardiogram taken that same day showed normal rhythm, at a rate of 
75, with marked left axis deviation. 

He admitted at this time (December, 19.30) that during the previous 3 mar he 
had had angina pectoris daily, and that there had also occurred, mostly after 
dinner in the evening, or later at night, spells of auricular fibrillation once or 
twice a w'cek, attended by persistent pain and lasting a few hours. 

He was seen again in his rooms on the afternoon of April 2, 1931. At 8:30 a.m. 
there had begun his first attack of absolute arrhythmia (with great pain) since 
the irrevious November. He had been given morphine sulphate 1/4 grain suh- 
cutaneouslj’ at noon and had gotten relief from this in two hours. At 3:15 p.m. 
the heart was absolutely irregular at a rate of 130. At 8:30 p.m. he felt much 
better, was rvithout pain, and the pulse was regular at 66. 

He quiclvly recovered from this attack, returned to his usual state of health, 
but died suddenly on June 16, 1931. 


Case 3 . — Angina pectoris and paroxysmal auricular fibrillation. E. de C., fe- 
male, aged seventy-five jmars, was first seen by us as a private patient on Decem- 
ber 29, 1930. She said that she had been alwaj'^s well and active but nervously 
sensitive. Eor the past year she had noticed substernal oppression on exertion, 
especially on hurrying or on walking uphill, Avhich oppression had been quickly 
relieved bj'' rest or nitrogl 3 merine which she had used a few times. She had had 
some d 3 ’'spnea on e.xertion for the year prior to consultation. 

About eight or nine months prior to this visit she had had a spell of rapid, 
irregular palpitation with severe anterior chest pain lasting several hours. She 
had a second similar spell two or three months after the first. 

On December 19, 1930, during dinner and after an unusually active day, she 
was seized by severe pain under the right scapula radiating down the right arm 
and lasting for one and one-half hours unchanged, and less severely for several 
hours after that. She did not notice any palpitation at first but when Dr. James 
Faulkner saw her an hour after the onset of the attack, he found a rapid irregu- 
lar heart rate (auricular fibrillation). The blood pressure at this time was 135 
nun. mercury systolic and 90 mm. diastolic. The lungs showed moist rales at both 
bases. There was Uttle or no cyanosis. Pantopon, gr. 1/3, and digitalis, 0.7 gram, 
were given and the next da 3 ' the heart rate had dropped to lOS but was still abso- 
lutely irregular. Normal rhythm returned spontaneously about thirty-six hours 
after the onset of the attack. There was no fever after this attack or other evi- 
dence of coronary thrombosis. 

On physical examination in our office on December 29, 1930, she appeared but 
slightly ill. Her color was fair and she was breathing normally. There was no 
engorgement of the cervical veins. Her heart was enlarged, the sounds were of 
good quality-, and there were loud apical and moderate basal systolic murmurs. 
The rhythm was normal and the rate was 84 per minute. The blood pressure 
was 200 mm. of mercury systolic and 90 mm. diastolic. The electrocardiogram 
showed auricular premature beats at a heart rate of 105, and bundle-branch block. 

It was reported by letter from Florida on April 1, 1931, that she had done 
very well until two to three weeks prior to that date when jaundice began. As 
this did not clear up she was operated on and two gallstones were removed. Her 
condition was more or less critical for a few weeks but she recovered and re- 
turned north. 

On May- 14, 1931, she was found dead in bed in the morning. 


WHITE AXD CANP: ANGIXOSHS 


585 


C..,E 4— pectoris and paroxysmal tachycardia. W. E. C., male, ngod 
ye.i,":-»s fcon in cons.Uation by n. on My 24, I»». His P-*; 
n-ns isrslovant. His ptosont illness sinttod a fow years before ' 

^rlien he began to notice slight high substcrnnl oppres8^on on consvdmablc ex- 
Sion such L malldng fast up a hill. This would last only a few -mutes am 
there was no radiation. Early in hfay, 1930, he first began to have spe Is of 
weakness. The first two came on after breakfast about two weeks apait and 

lasted ten to fifteen minutes, passing off with rest. . i . 

On May 25, 1930, while at work in his drug store he was suddenly seized n a 
cold sweat and weakness. He had to sit down and in a few mi nut os he experi- 
enced substernal pain radiating to the left shoulder and down the left arm to 
the wrist. He was taken home and given morphine sulphate subcut anoomsly. The 
pain lasted an hour or more. He remained in bed one and one-half days; there 
was no fever. He then resumed work but that night ho had a very mild brief 
attack of precordial burning. He then felt all right for over a month but he 
spent three weeks in bed. 

On July 19, 1930, after having been out riding in the afternoon he %vns sud- 
denly seized, while brushing his teeth, by a .spell of racing of liis heart followed in 
five minutes by severe substernal and left arm pain requiring three-eighths of a 
grain of morphine sulphate subcutaneously. Physical examination that night by 
Dr. John Sproull revealed a wcll-dcvclopod and nourished man lying flat in bed 
without cyanosis. He was in a cold sweat. There were rapid pulsations of the 
veins of the neck. The licart rate on repeated counts was 190 per minute, and 
the sounds were tic tac in character, but the rhythm was regular. The blood 
pressure was 120 nmi. mercury .systolic and 100 mm. diastolic. The rate con- 
tinued the same for four hours after the administration of morphine but the pain 
gradually went away in an hour or so under the influence of the drug. The next, 
day he felt all right and continued to feel well although he rested iu bed until 
the day of his office visit to us (July 24, 1930). 

On this date his physical examination revealed frequent premature beats, a 
• pulse rate of 80, no evidence of congestive failure, good heart sounds, and heart 
about normal in size. There were no murmurs. The blood pressure was 120 mm. 
mercury systolic and 80 mm. diastolic. Fluoroscopic examination showed a normal 
heart with considerable tortuosity of the aorta. The electrocardiogram showed 
ventricular premature beats at a rate of 93 with intraventricular block. 

A diagnosis of coronary dise.ase with aortic sclerosis, paroxysmal tachycardia, 
angina pectoris, and intraventricular block was made. 


suiuiUAiti; OF CASE REPORTS 

Case 1: Definite attacks of angina pectoi-is on effort, free of tacliy- 
eardia, dnnng four years prior to cousidtation. Observed during an 
attack of states anginosus bronght about by paroxysmal auricular fibril- 

ation and disappearing immediately upon cessation of tbe paroxysm of 
auricular fibrillation. 

Case 2: Definite angina pectoris on effort for rtventr-threo years 
Durmg the last eighteen months of his life he had seyoral atLhs of 
states angmosns brought on by paroxysmal atuacular b/ 

be°„:rdeatirt„C';L” :f fiftf' 

the lost fifteen months of her life she had 
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tliree attacks of status anginosus brought on hy paroxysmal auricular 
fibrillation. 

Case 4 : History of angina pectoris on effort for several years. Dur- 
ing tbe month prior to consultation lie had two attacks of status 
anginosus brought on bj* parox 3 ’smal tachycardia. 

DISCUSSION 

Angina pectoris induced as a status anginosus bj' paroxj^smal auricu- 
lar fibrillation or paroxysmal taehjmardia, although rare, should be 
recognized and differentiated from other conditions, in particular, 
coronary thrombosis. The points in favor of the diagnosis are as fol- 
lows: a histoiy of iirevious angina pectoris, of previous paroxj^smal 
tachjmardia or paroxj^smal auricular fibrillation, and of their associa- 
tion; the finding of a ver 3 ’ rapid heart rate on physical examination at 
the time of the pain ; the demonstration of auricular fibrillation, auricu- 
lar flutter, or paroxj'smal tachj'cardia bj- electrocardiogram in patients 
during the attack of substernal oppression; and finall}', the absence of 
any evidence of coronari’- thrombosis after the subsidence of the par- 
ox.ysm of rapid heart action. The course of the illness settles the diag- 
nosis, but at the onset one must in some cases at least remain in doubt. 
Nitroglj'cerine is ineffective and morphine subcutaneouslj’' is necessary 
in either case. Quinidiue sulphate maj’- shorten the duration of the ab- 
noi’inal rhythm. 

Bareroft, Bock, and Roughton^ made detailed observations on the cir- 
culation and respiration in a case of paroxj^smal tachjmardia. They 
found that during attacks the sj'^stolic blood pressure fell from 120 mm. 
of mercury to 100, whereas the diastolic rose from 68 to 80 mm.; the 
minute volume sank from 5 — 6.1 liters to 2.8 — 2.1 liters per minute; 
ischemia was noted iiartieularlj* in the skin as shown bj’" anaHsis of 
blood from the basilic vein ; the sj’stolic output dropped from 77.5 e.c. to 
12.9 c.c. Thej^ found no reduction in the oxj^gen saturation of the ar- 
terial blood, but rather a rise. 

Carter and Stewart- studied a similar case and it is interesting to 
note that during the paroxj^smal tachjmardia thej'^ found a marked de- 
crease in the arterial oxj’gen saturation without demonstable pnlmonarj’ 
congestion to account for it. They also noted a very low oxygen satura- 
tion of the venous blood, largelj" due to stagnant anoxemia, the result 
of slowing of the circulation. 

When a paroxj'sm of tachycardia starts, a vicious circle is soon set 
up, because, the heart rate being increased, there is a greater demand 
for blood to supply the overworking cardiac muscle ; however, the faster 
the rate, the less the minute volume and sj^stolic output, and hence the 
greater the decrease in blood supply to the mjmeardium. Thus it seems 
quite reasonable, if we accept the theorj'' that mjmeardial ischemia is a 
cause for angina pectoris, to account in this AvaA* for the induction of 
the status anginosus b.y a jiaroxA^sm of tachA'’eardia or of auricular fibill- 
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lation especially in a myocardinm Avliose coronary chcnlation is CAi 
totly aheacly detective as indicated by the clinioal ayndvomc ot angma 

Dcetoi’is on effoi't. . j,- 4. ,,.4+1-. 

The nltimate prognosis is apparently as grave in , 

aiwina pectoris induced by paroxysmal auricular fibrillation oi taeh>- 
cardia as in the patient Avitli coronary thrombosis, .or if there is so 
much coronary narroiving that an increased heart rate alone (^^t iou^ 
effort) can induce the pain, life is not apt to be 1 ^ 8 • uo 0 le our 
patients aa^c have reported here died suddenly AVithin tAvo years of he 
time of onset of their paroxysms of angina pectoris induced by spells 
of abnormal rapid heart action. 


SUMAIARY 

We haA'^e reported here four unusual but important cases to illustrate 
the fact that a status auginosus may occur ivithout coronary thrombosis. 

A great increase in heart rate due to paroxysmal auricular fibrilla- 
tion or paroxysmal tachycardia (lAdth accompanying drop in systolic 
blood pressure or pulse pressure) Avas CAddently responsible for the in- 
duction of the angina pectoris that Avas at other times a eliaraeteristie 
result of effort in all of these four cases. Two of the patients Ai^ere men, 
aged sixty-two and sixty-six years, and two were Avonien, aged sixty- 
eight and seventy-five years. One of the men (the first) and one of 
the Avomen (the second) died suddenly eighteen months and fifteen 
months, respectively, after the first attack of angina pectoris induced 
by the abnormal heart rhjdhm. The other tivo patients Avere alive one 
year after their first attacks of this nature. 
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TEEATMENT OP SPASMODIC VASCULAR DISEASE OP THE 
EXTRESIITIES OP THE RAYNAUD TYPE^= 

Alice R. Bernheim, M.D., and Isabel M. London, M.D. 

New York, N. Y. 

TN the course of investigations on thromboangiitis obliterans, arterio- 
J- sclerosis, and related diseases, there have come to our attention a 
number of cases of peripheral vascular disease which do not conform 
with the well-known types. These eases seem to resemble mild or bor- 
derline forms of EajTiaud’s disease, presenting such sjnnptoms as 
acrocyanosis, acroaspliyxia, numbness, pain or burning of the fingers 
or toes. The sjunptomatologj' , or rather the emphasis of these symptoms, 
varied considerably among the cases,, but they aU had one feature in 
common, a definite relationship between the onset of symptoms and 
exposiu’e to cold. 

Although none of the four eases described below was of the severity 
originally noted by Raynaud^ as characteristic for this disease, they 
represent at least that variety (described by Lewis) characterized by 
h^Tpersensitiveness to cold resulting in arterial spasm. They show no 
permanent, irreversible changes such as gangrene or spontaneous ampu- 
tation, which probably indicates that spasm formed the essential basis 
of their symptomatologj’’. 

These cases have all been treated by a high calcium regime, and they 
have all improved. Full histories in these case reports are not here 
given, since the patients presented no abnormalities other than those 
noted below. 

CASE reports 

Case 1. Mrs. F. H., tliirty-two years old, complained for twelve years of cold- 
ness and pallor of the lingers of hoth hands on exposure to cold. For two years, 
since a thyroidectomy, her condition had been growing steadily' worse. Before the 
beginning of treatment she found that any exposure to cold (going out of doors 
in cool or cold weather, even with heavy gloves on) resulted in a complete blanch- 
ing of her fingers, from the tips to the palm, with a numbness and discomfort 
subjectively, and an extreme coldness of the fingers objectively. After withdrawal 
from the cold, this stage was followed by a hyperemic red (not cyanotic) stage, 
which was not painful. Between attacks the appearance of the fingers was normal. 
Both radial pulses were normal. 

After a high calcium regime given by mouth the condition improved, so that the 
patient never had more than one very mild attack in any single day, no matter 
how often she was exposed to cold. This mild attack would consist in a blanching 
of the distal phalanx of one finger only, instead of all the fingers of both hands, 
as formerly. On intravenous calcium therapy the mild attacks occurred rarely, and 
there were* no severe ones. The appearance of her fingers remained normal when 
unexposed to cold. 

Case 2. Mrs. M. P., fifty years old, was troubled for two months with attacks 
of marked burning and blueness of the hands on exposure to cold air. At the 
onset she had an attack Avhenever she gripped anything with her hands; later she 
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iiiir 7 )infr of liei’ liands on exposure to the outside an. i 4.1 „ 

After one rvcek on the regime she had no more Wncncss of the 
burning rvas markedly diminished. She has had no recurrence norv for moie th.n 
one 3 'ear, and slie has been on medication constantly during tlmt peiiod. 

Case 3. Mr. T. P., tiventy-five years old, had been suffering for seven years 

with dull aching pains in the feet and hands in cold ivcathci-. The onset was 

gradual. There was no history of freezmg or other trauma. The condition had 
been growing steadily worse, so that oven moderately cool weather induced the paui. 
There were no swellings or color changes, but there was markedly local sweating hi 
both hands and feet. The pain was relieved by soaking the painful limbs in 
hot water. 

Treatment was begun in Septombov, 1930, while the weather ivas still mild and 
there was no pain. Subscquentl.v, although the excessive sweating has remained 
unchanged, the patient has hcen without pain even in very cold weather except for one 

day when he had pain in his feet while standing outside in the cold during the 

entire day. 

Case 4. Mi'. C. L., thirty-two years old, complained of pain and redness of 
his hands and feet in cold weather, together with marked itching and sweating. 
There was no histor.v of trauma. 

He improved on dosage smaller than that which we now use, as our present 
regime had not yet boon established. In the course of a month (in February) lie 
reported that his feet were warm, his hands less rod, and tliat the troublesome 
itching had stopped. When he discontinued treatment for a inoiith, he had a 
recurrence of s^miptonis, wbicli disappeared on tlio resumption of the liigh calcium 
schedule. 

THERAPY 


The therapy consists of a high calcium regime which, in order to 
be adequate, must take into account the various factors concerned with 
absorption, such as differences among individuals in the absorptive 
powder for calcium, the addition of vitamins, the time of calcium admin- 
istration, etc. It is our intention to give in a subsequent communication 
a full consideration of this question; accordingly we shall here confine 
ourselves to presenting the following schedule of onr procedure in these 
cases. 


For two weeks: A daily diet of milk. 


quart ; viostcrol^ 


Vli J 


Vi XlIUKj i qum 

juice, 16 oz.; orange juice, 8 oz.; and lactose, % o'z. 

The yiosterol may he taken in three doses of 10 drops each, or in two doses 0 
lo drops each. 

The tomato juice is given for its high vitamin content, primarily for vitamin I 
which favorably affects intestinal tonicity.^ If tomato juice is not well toleratec' 
other substances rich in vitamin B may be substituted. 

The next two weeks: If results are not satisfactory, calcium salts are subst^ 

r, I- "."r »0 »-<>. 

Dosage of calcium gluconate- 1,60 tn iro ^ 

a tablet, plain or effervescent the time of P°"’^er 0 

the lactate. ’ administration being tlie same as fo 
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The time of administration of the calcium salts is very important, and only 
smaU amounts of water slioiild be taken with the tablets. It has been shown that 
calcium is absorbed best in the interdigestive period^ and that Avhen calcium -is 
taken “three times a day after meals,” as it is so frequently prescribed, a mini- 
mum absorption results and the therapy usually fails. 

The next week: If tiiere has been no improvement, calcium gluconate adminis- 
tered intramuscularly is added to the treatment. The dosage is 1 ampule (10 c.c. 
of a 10 per cent solution) daily, with or rvithout parathormone, 20 units (1.0 c.c.). 

The next week: If this has not been satisfactory, calcium gluconate or calcium 
chloride is given intravenously. The dosage is 1 ampule (10 c.c. of a 10 per cent 
solution) daily. 


LITERATURE 

The recent literature concerning Rajniand’s disease makes little defi- 
nite mention of calciiun as a therapeutic agent, notivithstanding repeated 
references to it in the older literature.^ Osier, for example, in his text- 
book,® lists calcium lactate, gr. xv three or four times daily, as being 
verj^ effectual in some cases. Calcium is included briefly by Muniford® 
and by Claude and Tiriel' in describing treatment in their cases. Neither 
Poulton® in 1926, nor Descliamps*^ in 1929, in reviews of the literature 
on EajTiaud’s disease with extensive bibliography, considers ealeium. 
Barath^® mentions ealeium briefly, saying that it has been used by many 
with little success in angiospastic conditions. Margolin^^ in 1926, de- 
scribed Eajnaaud’s disease occurring in a case of tetany, with the cure 
of both diseases bj’ the administration of calcium. 

In related conditions, such as erjdhema pernio and acrocyanosis, 
ealeium has been used for many years.^® 


t 

THEORETICAL 

The explanation for the results obtained in our cases of vasomotor 
spasm by the use of a high intake of calcium is not entirely clear. Possi- 
bly the action of calcium upon this type of vascular spasm caused by 
cold is analogous or even related to its action in certain so-called allergic 
conditions characterized by spasm, e. g., bronchial asthma, in which 
favorable results are often obtained. The analogy becomes even more 
striking from a consideration of the observations of Thomas Lewis,^® 
in cases of Eaynaud’s disease, that apparently there exists in these sub- 
jects a true specific idiosyncrasy or hj^iersensitiveness to cold which 
manifests itself through the spasmodic arrest of circulation in' the 
affected parts, independently of the vasomotor nerves. 

On the evidence presented by Le'wis it seems warranted to question 
the old idea that the disease is one of the nervous system, and particu- 
larly related to the sjnnpathetic nervous system. The newer conception 
is well summarized by Blackader,^* who says : ‘ ‘ The abnormal element 
in the syndrome would appear to be a local direct reaction to a lowered 
temperature, due to a peculiar hypersensibility of the vessel wall, and 
not the result of a reflex through the vasomotor nerve. . . . The 

pathological element in the vascular spasm is not of central nervous 
origin as it has generally been thought to be, and there would appear 
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to „o no lonnaation lov volnting 

of tlio nei'TOiK system in other portions ol the ho(l}. 1 _ 

the possibility of its being clue to some clcjiciencj of c.iknnn 


it should be understood that 


points to 
in the blood.” 

In considering “calcium in the bloocV 
the total calcium of the blood scrum may he a poor indicator ot the 
calcium activity in the body unless it is very high or very low. For 
example, in long contiiiuecl hyperparathyroidism,^ hoth^ clinical aiicl 
experimental, the scrum calcium may drop from its initial elevation 
into the normal range, while the ahiiornial drain of the body s calcium 
stores persists as before.^'- In liypcrthYvoidisin, whe.YC there is a large 
negative calcium balance over long periods of tiiiic,^'’ the scrum calcium 
seldom gives indication of the calcium loss. The reverse of this situa- 
tion may be exemplified in those occasional cases ol. tetany with iionnnl 
serum calcium level, in which, despite the “norniar' blood figure, the 
symptoms may be ascribed to physiological lack of calcium.’" Since 
calcium may be found in the blood in three forms (nmidiJfusible, diffusi- 
ble ionic, ajid diffusible nonionic), it is evidently po.ssihle for a total 
concentration to be within normal limits, while an imbalance among 
these three forms underlies a ]>hysiological disturbance. Our metliods 
of precision are not yet adequate in measuring those forms of calcium. 

Percival and Stcu'art’® investigated the blood calcium in Iwoivo oasc.s' 
of chronic erythema of the legs resembling eiuihemu pernio or mild 
forms of Rajmaud’s disease, and found values ranging from 9.2 mg. to 
11.8 mg. per 100 c.e. of serum. In two cases they found 73 per cent 
and 80 per cent diffusible calcium (by collodion filtration). They 
administered parathyroid by moutli with no improvement, although the 
serum calcium rose from 9,2 to 30.6, and from 10.0 to 30.3 respectively 
(obviously not a significant rise). They conclude that liypocalccmia 
is not an etiological factor in the disease, noi' is calcium elfcctive as 
a therapeutic agent. They made similar sindies in other skin diseases.’” 
such as Baxiu’s disease, chronic leg ulcers, psoriasis, and erythema 
pernio, and came to like conclusions. Hallnrn^” accepts their conclusions, 
saying ; The present state of our knowledge of calcium metabolism 
is admittedly deficient; hut according to the investigatioiis of Pereival 
and Stewart already cited, thei'c does not seem to bo nnv .iustifiable 
gTound for believing that either of these complaints (erythema pernio 
and acrocyanosis) is associated with, or consequent on. a calcium 
deficiency. ’ ’ 

^ As we have stated, a normal calcium level in the blood mav give no 
indmation of the behavior of caleiuni in the body. In our opinion these 
patients were not given adequate calcium therapy, and wC think that 
definite conclusions as to its efficacy are not warranted. 

in ay of our eases is shonm by the normal appearance of the finiors 
and toes together udth absence of symptoms whenever the surroundin ' 
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temperature was above the range in which attacks could occur. During 
high calcium treatment when the patient was exposed to cold, the sj^mp- 
toms either did not appear or were very much diminished; at higher 
temperatures the fingers and toes appeared normal,' just as they did 
before calcium treatment. The effect of calcium in these cases is 
therefore presumably upon the peculiar hjTDersensitiveness of the blood 
vessels to cold, and not upon the normal vasomotor nervous control of 
the vessels. 

In this respect the effect of calcium is fundamentally different from 
that of sjonpatliectomy, which benefits spasmodic arterial disease only 
indirectly, i. e., by paralj'zing the (normal) vasoconstrictor mechanism 
and so causing permanent vasodilatation. The extremities after sympa- 
thectomy are usually distinctly warmer than normal at all atmospheric 
temperatures, and are consequently less susceptible to the effects of 
cold. No apparent ill-effect is noted as a result of the loss of the 
pilomotor and sweating reflexes. Nevertheless, as Lewis emphasizes, 
the underlying hj^persensitiveness to cold of Raynaud’s disease persists, 
and can still be evoked by sufficiently prolonged exposure to cold.-’^ 


SUMMARY 


Four cases are described in which there was spasmodic vascular 
disease of the Raynaud type characterized by liypersensitiveness to cold. 
Distinct benefit was obtained by a high-ealcium-high-vitamin regime. 
The effect of calcium differs from that of sympathectomy in that no 
permanent alteration of the vasomotor nervous mechanism is brought 
about. 
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vu’VTl’Tf'ULAE BIGBMINY (PAKASYST0M5 OB RECIPROCAL 

ehytot) in atrioventricular rhytumo 

Drew Letek, M.D., and Julius Jensen, IslTf. 

St. Louis, Mo. 

/^ASES of atrioventricular rliytlun witli a certain type of -ventiiculai 
L' bioeminv have been reported from time to time for many year.s. 
The erectroem-diograms arc charactcriml by conspicuous vanahon in 
the P-E and E-P intervals and by premature beats occurring at .s loi 
intervals after the rhythmic ventricular contractions. The premature 
beat is not followed by a compensatory pause and it is preceded, m 
most of the reported eases, by a more or less well-defined P-\sa\e. 
Authors who have reported such eases have employed two dilYerent 
theories to account for the second of the bigeminal beats. Both theories 
agree that the causative impulse is supraventricular in origin, but they 
differ regarding its exact site of origin and its eharaeter. 

The advocates of the theory of reciprocal rhyihm regard all auricular activity 
in these eases as duo to impulses uiiicli origiunie in the node. The cases dittcr 
from other instances of atrioventricular rhytlini, liowevcr, in that the conduction 
of impulses from the A-Y node haclward to the auricle is interfered u-ith. Contrac- 
tion of the auricle consequently occurs at an interval after ventricular sy.stolc which 
grows progressively longer; i.e., the R-P interval increases. Conduction of the nodal 
impulses domnvnrd to tlio ventricle, on the other hand, is unimpeded, and this 
chamher responds without delay. But ventricular activity is not limited to tlic 
rliytlmnc impulses coming directly from the node. AVheu the lengthening R-P in- 
terval reaches a certain value, a premature ventricular contraction occurs in response 
to an impulse from the auricle. By .some it; is supposed that the contraction of the 
auricle, set off by the nodal impulse, itself constitutes the stimulus to the premature 
ventricular systole. By others it is suggested that the nodal impulse in some way 
returns from the auricle, passing again through the A-Y tissue and thus reaching 
the ventricle by a sort of circulating mcchaiiisni. In support of this notion its 
proponents cite Mines’ classical experiment with the heart of a tortoise; an experi- 
ment, it will be recalled, wliicli was concerned not with atrioventricular rhythm but 
with movement around a ring composed of both auricular and ventricular tissue. 

Those who invoke the theory of 2 ^oru.v/.<ttolc believe that the auricular activity is 
due to impulses which originate, not in the A-V node, but at an independent pace- 
maker in the auricle. Tlie rate of the auricular pacemaker is slower than that of 
the nodal pacemaker, and the progressive lengthening of the R-P interval results 
from this difference in rates. Under this theory, as well as under the other, iiilcr- 
fereiice to the conducHon of mp7ilscs from ilic A-V node io Ihc anrich' i.s amtmrd. 
The interference, however, must bo complete, thus guarding the center of slower rate 
from the faster center. But the block must apply to the passage of impulses onlv 
toward the auricle and not toward the ventricle. It must be unidirectional. Por if 
impulses from the slower center were prevented from reaching the ventricle they 
could not excite it, and the resulting mechanism would constitute not parasystole 
bu A-y dissociation. But since the block is only in the one direction, impulses 
. nhoiote d at the auricular center as well as those from the A-Y node pass toward 

and the^Barne? Hospull,^ Salnf Uiiivorsity School of Medicine 
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the Tcntncle and themselves produce responses when not prevented hr refraetorv 
tissue. Such ventricular responses to impulses from the auricular center, oecurrinV 
before the sequential rhythmic impulse from the lower center is due at the ventrick 
produce interruptions to the dominant ventricular rhytlun. 

Under both theories these cases are regarded as examples of socaUed A-T rhythm 
in which the regular beating of the ventricle is interrupted by another supra- 
ventricular impulse whenever it finds the lower tissues responsive. One theorv holds 
that both the auricle and the ventricle are activated from a single center located 
between them; aspiehronism in contraction depending on unidirectional impairment 
in conduction. Under the other theory the auricle is activated from a center separate 
from that which activates the ventricle; asynclironism resulting from difference in 
the rates of the auricular and ventricular centers. 

Before i>ursuing further the particular problem involved in the special cases of 
A-T rhythm with which this paper is concerned, brief consideration must be given 
to A-V rhythm itself. This name is given to a phenomenon produced under certain 
experimental conditions, particularly by destruction of the S-A node or by stimula- 
tion of the right vagus and the left sympathetic nerves. Under such circumstances 
the electrocardiographic complex of ventricular activity is not preceded by the 
usual form of P-wave at the usual interval. The P-wave is usually, hut by no 
means invariably, inverted (Scherf and ShookholT). Clinical electrocardiograms of 
similar form are similarly designated. 

It is usually assumed, in explanation of such records both experimental and 
clinical, that a single focus somewhere in the A-V node has become the pacemaher 
and that impulses from it pass both to the auricle and to the ventricle. It is com- 
monly held that different areas of the node may become such new centers of impulse 
formation, but orthodox opinion usually limits this to a single focus at a given 
moment and confines that center to the A-V node. 

Geraudel has presented certain conceptions of impulse formation and transmis- 
sion within the auricle, however, to which consideration must be given in any at- 
tempt to explain the mechanism of socalled A-V rhythm. He holds that there are 
several auricular centers which, devel02>mentally considered, are natural areas of 
impulse formation; such areas not being embraced within the anatomical confines 
of the A-V node. Such a conception offers ready explanation of certain phenomena 
associated with A-V rhytlun which are difficult to explain on the assumption that 
the node itself is the precise area of impulse formation. It explains also the different 
and varying shapes of the P-waves exhibited in experimental and clinical eases of 
A-V rhythm. 

IVhile it is agreed that suppression of the normal pacemaker produces “escape” 
from that area whose rhythmieity (or automaticity) is next in degree to that of 
the sinus, there is much evidence that this new pacemaker need not necessarily be 
'svithin the A-V node, but that it may be at any one of several areas. Further sup- 
pression may dislocate the pacemaker to still another area. In the ease of supra- 
ventricular e-xtrasystoles it is indeed difficult in many instances to know whether 
the abnormal P-waves recorded in the electrocardiogram represent “nodal” or 
“auricular” extrasystoles and the difference between the two is grooving less 
distinct. 

The coneeptioH of A-T nodal rhythm which appears best to accord 
with experimental data is as follows: Under circumstances which de- 
press impulse formation at the normal (sinus) area, another supra- 
ventricular area of impulse formation escapes. Further depression mar 
suppress the second area and uncover another. That supraventricular 
area, in any case, whose automaticity at the moment is highest, becomes 
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the uacemaker Rhythmic impulses originating in this pacemaker pass 
I'lra the auile and toward U.e ventricle H eondue ton ts nn- 
imnaired, both chambers resitond to eaeli rhytlmiio impulse Othel 
supraventricular areas ot impulse formation then begin to ui up 
impulses but are discharged before the completion of their rhjdlimic 
periods; the ivhole auricle as well as the ventricle responding to im- 
Lscs from the dominant area. The loeation of this dominant area need 
not necessarily be ivithin the A-V node in every case, the conception 
that it is so located having been based more upon assumption than upon 
experimental evidence. In many instances the new pacemaker appears 
to be “auricular" rather than “nodal.” We employ the term atrio- 
ventricular rhythm with this conception, one somewhat broader, per- 
haps, than that usually implied by the term. 

We have applied the theories o£ parasystole and of reciprocal rhythm 
to ten cases of atrioventricular rhythm of the particular tj^ie uiidei 
discussion. The data in these eases collectively and in detail appear to 
elucidate the problem of mechanism. Study of them as a group reveals 
much evidence of intimate relationship between A-V rh.^dlim, 
Ijarasystole, and so-called reciprocal rh^dbrn. The three rhjdhms appear 
to depend upon the same fundamental factors, the exact mechanism in 
different instances being detei’mined by incidental differences in retro- 
grade conduction from the dominant area. Just as a certain modifica- 
tion of retrograde conduction changes simple A-V rhythm into para- 
systole, so a different modification of retrograde conduction may pro- 
duce that mechanism which has been called recii^rocal rhythm. This 
conception will be elaborated after presentation of certain records by 
which it is strongly indicated. The cases not reported in this paper 
support the conception outlined above and might well he presented 
except for lack of space. 

, REPORT OP CASES AND DESCRIPTION OP ELECTROCARDIOGRAAIS 

Case 1. white man of twenty-nine years was admitted to the Barnes Hos- 
pital, October 17, 1926, complaining of defective vision and headaches. There 
had been head trauma two months before admission. The past history was nega- 
tive with regard to his heart. At examination it was noted that the area of 
cardiac dullness was slightly enlarged and that there was a systolic murmur at 
ttie apex heard also over the preeordium. The heart beats occurred in pairs. On 
etober 2o, 1926, a large endothelioma ivas removed from the left temporal region 
fecrery regularly. The patient made an uneventful 

Eketrocardiogi-ams were made on October 18, 19, 21, during operation on Octo-' 

6. 1926. Upon two of these occasions records were made 

grain' Id ® of atropine sulphate in doses of 1/50 of a 

giam and of a gram respectively. 

of each are sliown in Pigs. 1 and 

below the ZetroeardTogram? ^The'^recrr'l “eehanism by the drawings 




























(large) P-waves in 
R-waves. 
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impulse formation presumably is the sinus region. The electrocardiogram in the 
upper right-hand part of Pig. 1 is a record of the same type as the admission 
record. It shows ventricular complexes occurring in pairs, the first unaccompanied 
by an auricular ware but the second preceded by one at a constant interval. This 
P-ware is upright but its shape is different from that in the electrocardiogram 
made during operation in which the sinus P-wave appears to be depicted. 

Effect of Atropine . — The last strip of Fig. 1 was recorded two and one-half 
minutes after l/oO of a grain of atropine. Several P-waves with shapes different 
from that in the control and with short P-R intervals appear. Pig. 2 is a con- 
tinuous record beginning 30 seconds after the administration of 1/25 grain of 
atropine. In the first part P-waves of two t^-pes are recorded. Those which pre- 
dominate are similar to the ones recorded after the smaller dose of atropine. The 
others, which are larger, during the early effect of atropine occur only at rather 
long intervals, but under complete atropine effect they constitute the only type 
recorded. During the last 30 minutes of the atropine experiment they occurred 
regularly, and at a rate of So per minute. They are similar to the P-wave in the 
record made at operation and appear to represent activity originating at the normal 
pacemaker, while the smaller P-waves represent secondary pacemakers. 

"We interpret tlie second strip in Pig, 1 as follows; It records an 
independent Tentricnlar rhidlim ndtli retrograde block between tlie 
ventricular'® iiacemalier and tbe auricle. The degree of vagus stimu- 
lation responsible for this mechanism was sufficient to suppress tbe 
normal pacemaker. The auricle, therefore, recehdng stimuli neither 
from the ventricular pacemaker nor from the sinus area, escaped at 
a secondary center. Impulses from this secondary area were con- 
ducted to the ventricle, exciting it to contraction. This constitutes true 
parasystole, the ventricle being activated by impulses both from the 
ventricular and from the secondary pacemakers. 

The effect of small amounts of atropine was enough to uncover other 
secondary centers of impulse formation, but tbe full effect was required 
to uncover the sinus pacemaker. Atropine not only lessened vagus tone 
at tbe sinus area, but it accelerated the ventricular pacemaker as well, 
so that under its effect the rate of the ventricle still was faster than 
that of the auricle. Although at operation the sinus pacemaker domi- 
nated the i*hythm, under 1/25 of a grain of atropine parasystole still 
obtained, the ventricular responses to impulses from the auricular cen- 
ter showing aberrant complexes. It will be noted that the pause fol- 
lowing the aberrant ventricular complex is somewhat shoi'tened. The 
explanation of this short interval has been given by Scberf and Sbook- 
boff’. They explain it as due to impairment of conductivity in the lower 
tissues resulting from the premature passage of the auricular impulse. 
This impulse is transmitted before the tissues have had sufficient rest 
and because of the accompanying conduction defect the P-R interval 


*In tbe following- pages the center of impulse formation from which the ventricle 
is activated will be referred to as the “ventncular Pacemaker, that ivliich actnates 
the auricle as the •‘auricular pacemaker. By such designations we ^ /“Piy 
that these natural areas of impulse formation are located in the cnamDers ac 

*^*'^he t^Vm^'^^tro grade” as applied to the conduction of impulses wUl be used to 
mean conduction in a direction other tlian toward the vemncle. center 

duction, therefore, is necessaiy- in order for an impulse from the \entricuiar center 
to reach any secondary (and slo^ver) center of impulse formation. 
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" ; Donnal rate, the 1 o11ob-5d, interval ihns he.ng encroaehod 

\his incomplete recovery accounts also tor the slight ^ 

shape shown by. the T-waves of the- ventricular complexes vhich follon 

the aberrant beat. . t <. +i v 

The fact that the auricular waves occur rhythmically and that tin. 

rhjdhm is undisturbed even in connection with the premature beat 
argues in favor of an independent auricular pacemaker. Inspection 
of this record alone, however, could hardly lead to a conclusion in the 
matter. But study of the ease as a whole presents evidence which ap- 
pears to admit of no other interpretation. The pairing of the ventricu- 
lar beats recorded in the admission record (upper right of Fig. 1) 
could hardly be explained on the basis of so-called reciprocal rhythm. 
Such an assumption would meet difficulty in the long B-P intervals. 
The conclusion that the auricle is activated from a center or from sev- 


eral centers which are independent of the ventricular ]>acomakcr is 
supported also by the A’ariations in the shape of the P-waves which 
appear not only in dill'erent records but. also in dill'erent ]>arts of tlic 
same record. These variations would be hard to explain on the, basis 
of difference in retrograde conductivity from a single pacemaker com- 


mon to both ventricle and auricle. 

Suvimarij of Case I . — A ease in which sinus depression resulted in 
escape at a secondary center. Impulses froin this secondary center 
activated the ventricle but were not eond\ictcd to the auricle. The lo- 
cation of the pacemaker for the auricle varied, changing with vag\is 
(and sj-mpathetic) tone under such circumstances as a cerebral opera- 
tion and the administration of atropine. Impulses from these various 
auricular centers, conducted to the ventricle, produced ventricular con- 
tractions when faA'orablj' limed, the resjmnsc of the ventricle to such 
auricular areas as well as to the rhythmic ventricular center constituting 
parasystole. 


Case 



rate was 80 per inimitc. There was no arrh.vthmia. The ontline of cardiae dnllness 
^\as I -defmea hut it .appeared to bo soiiicwliat inereasod to tlic loft. The Wnsser- 

iVdrons T r ordered, 

- 

inteiwal^ana thfs\lTo"1f I*’"® of the next U-H 




Pig. 3. — Electx’ocardiograms of the patient in Case 2, made June 9, 1923. The first and second strips are records in Lead III showing 
the effects of pressure over the right and left carotids, respectively. In the second strip the time of pressure is indicated by the signal at the 
bottom. In the first strip the pressure was applied just before the beginning of the fifth R-wave. Tiie third and fourth strips are a continuous 
record in Lead II. Discussion in the text. 
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Electrocardiograms , ivere made upon five occasions. In the first two (Pebruarv 
2 and April 26) no arrhythmia is recorded, the P-waves are of normal shape and 
each is followed by a ventricular complex at a normal interval (0.17 of a second). 
In later records, parts of which are reproduced, the P-waves are of different shape 
and the normal P-R relationship does not obtain. Tlie top strip of Pig. 3 is a record 
(June 9) in Lead III with pressure over the right carotid. It appears to show 
complete or almost complete dissociation between auricle and ventricle, the rate of 
neither having been affected by carotid pressure. Pressure over the left carotid, 
recorded in the second strip, cau.sed a slowing of the ventricle but had little effect 
on the rate of the auricle. It will be observed that the rate of the ventricle (before 
carotid pressure) is 70-73, while that of the auricle is only 58-60. It will be noted 
further that the P-waves are inverted not only in Lead III but also in Lead II 
(third and fourth strips). 

The first and second strips of Pig. 4 constitute a continuous record in Lead II 
made June 14. The}' are a part of a long record which shows a variation in 
ventricular rate from 62 to 71 and a variation in auricular rate from 58 to 65. At 
the beginning of the top strip the ventricular rate is 64 and no P-waves are clearly 
visible. P-waves soon appear, however, as notches on the right of the E- waves; 
and near the end of the top strip a definite T-P interval has developed, showing 
clearly defined P-waves mth a rate of" about 60. In the second strip this T-P 
interval increases progressively until the P-wave is lost in the succeeding B com- 
plex after which it emerges to tlie riglit of the second B-wave; all this without 
conspicuous arrhythmia either of the B- or of tho P-waves. The ventilcular rate in 
the second strip is about 62. 

Tlie A-"^^ dissociation ivitli the rate of the ventricle higher than 
that of the auricle, the regularity of the auricle with change iu’ 
ventricular rate, and the abnormal shape of the auricular complexes 
appear to necessitate the following interpretation of the first and second 
strips of Fig. 3 ; Depression of the normal pacemaker with ventricular 
escape; retrograde block from the ventricular pacemaker, resulting in 
auricular escape at a secondary center; downward block from this 
secondary auricular pacemaker protecting the ventricular center from 
its impulses. This two-way block jirodiices complete K-Y dissociation. 

It should be noted that this ease presents two features in which it 
differs from the usual case of A-V block ; the ventricular rate is relatively 
high and the P-waves are inverted. The first of these features is ex- 
plained by the mechanism of origin. Socalled A-V rhjdhm owes its in- 
ception to just such an abnormal relationship between the rate of the 
normal pacemaker and that of a secondary center. The second feature 
which differentiates this case from simple A-V block, i.e., the inverted 
P-waves, depends upon two factors. One of these also is inherent in 
its origin ; the sinus area regularly is depressed in cases of this sort. 
The second is the distinguishing feature: the conduction of impulses 
backward from the ventricular center is blocked. Under such circum- 
stances sinus depression leads to auricular escape at a secondary center. 

Upon occasion one center may activate both chambers. It appears 
that the temporary improvement of conduction responsible for this 
phenomenon is always an improvement from auricle to ventricle, never 
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in the reverse direction. Ronoval of clo^^nlwa^d hloek at 
tpi'vals is shown in the tliird and fourth .stnps of 1 V. •*• 
f ::Rinuous record in Lend H. in ti.n; a 

is recorded again and again ^Ylthont variation V to the left of 

midway between two R-wavos; in tlic next cycle it stands to 
the R-wave; in the third eyck it is lost; in the fourth it modihes the 
T-wave, and in the fifth it apjiears again in the same position ns at first. 
In a long record this sequence is iniYarying and the conclusion is m- 
escapable that the auricular and ventricular enmiilexes in some way 
are related. The nature of this relatioushi]) is explained by lurther 
.study of the record. It will be observed that the R-R- interval associated 
with the long P-R interval frcqucnily is short.'' Slight variations in 
rate are common both to the auricle and to the ventricle. If these 
short R-R intervals should he found to occur with synchronous changes 
in auricular rate, either might be thought to depend upon the otlier. 

common factor. Put they are not so 
imricular rate. 1ht‘ inier- 


or both might deiieiid njion a 
associated. Irrespective of the attendant 
ventricular interval nndcr consideration never is long: either it is 
short, or its length is not arfeeted. This short intervent rienlav interval 
is related, therefore, not to auricular rate, but to ibat jiartienlar 
auricular complex whoso position in relation to it is constant, hlvery 
fifth anrieulav complex has this relafionshi]i and Ihe eonelnsion follows 
that every fifth auricular impulse produces a ventricular eoiitraetion. 
These ventricular responses to auricular stimuli occur, however, only a 
little before the completion of the rhythmic venlvie.nlar iioriods. jn-o- 
dueing only slight shortening of the associated interventricular intervals. 
This I’esnlts from the fact lliat the eoiuhiction defect is of considerable 
extent. 

Instead of this relief of downward block occurring rliytbmically a.s 
in Fig. 3, occasionally it oceur.s only in i.solatcd instances. In the first 
strip of Fig. 3 the sixth interventricular interval apiioars to he an ex- 
ample. It is a little shorter than the of hers and in it a I’-wave is situ- 
ated in about the same relative position as the P-waves in the last .st rip 
that arc associated with conducted auricular impulses. Another in- 
stance which gives better evidence of the occasional dowuAvard eondne- 
tion of auricular impulses is .shown in the bottom .stri]) of Fig, 4. Tlic 
fourth from the last inlerventrienlar interval is short. Tlie associated 
mterauricular interval also is short, and the shape of the P-wave which 
closes It differs slightly from that of the preceding P-waves. It is 
probable that this P-wavc represents anrienlar response to an impulse 
originating at an area different from tliat wliich liad been activating 
the auricle, and that this impulse also reached the ventricle 

has bean called to tl.e taet 11, at slight Yaviations in rale 

in a aeOnitcyiiouEUyot stria, rcnullhiR Outo 
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occur at both the auricular and the ventricular pacemakers. In por- 
tions of some of the records in which the interpretation is equivocal 
It IS probable that the uncertainty is due to a changed relationship be- 
tween the rates of the two pacemakers rather than to a change in 
mechanism. Fig. 4 is a case in point. 

The second part of this record (middle strip of Fig. 4) Avould appear 
to admit of only one interpretation, viz., independent auricular and 
ventricular pacemakers with rates almost identical, but with the rate 
of the ventricular center a little faster than the other. In the first 
strip, however, the alternative explanation of a single pacemaker for 
both auricle and ventricle must be considered. If the first part were 
studied alone, the temporary absence of visible P-waves and the nearly 
identical rates of auricle and ventricle might favor that interpretation. 
It is conceivable that temporary improvement in conduction might have 
allowed one pacemaker for a short time to activate both chambers. But 
study of the whole record ( as Avell as other records in the ease) suggests 
change in rate rather than change in conduction as the correct explana- . 
tion of the difference between the two parts of the record, and indi- 
cates that the beginning as well as the following parts of the record 
in Fig. 4 represents separate auricular and ventricular pacemakers. 
The rates of the two pacemakers are not far apart to begin with and 
only a slight change of either would be required to make them nearly 
identical. In Fig. 4 the difference between the rates of the auricle and 
the ventricle is not as conspicuous as it is in Fig. 3. It is on this ac- 
count that the interpretation of mechanism is less readily apparent in 
Fig. 4. 

Summary of Case 2 . — A case of sinus depression with ventricular 
rhythm, impulses from the ventricular center failing to reach the auricle. 
The depression of the normal pacemaker is of such extent that auricular 
escape oceuz’S at a secondary area. Not only is retrograde coziduction 
from the ventricular center depressed but there is also such impairment 
of dovTiward conduction from the secondaiy auricular area that its 
impulses rarely reach the ventricular center. The result is almost com- 
plete dissociation between the secondary auricular and the ventricular 
centers, the ventiucle being activated only rarely by impulses from, the 
auricular center. 

Case 3. — A colored Troman, forty-two years of age, was admitted to the Barnes 
Hospital, December lo, 1926, complaining of dyspnea and cough. Nine years 
previously she had had some sort of acute arthritis. The dyspnea was of several 
years’ duration and for a few months she had been incapacitated. She had been 
taking 60 drops of tincture of digitalis daily for ten weeks before admission. 
Examination revealed generalized edema, an enlarged liver, and diminished breath 
sounds over the right base of the chest. The heart was conspicuously enlarged to 
the left and both a systolic and a diastolic murmur were heard over the precordium. 
Extrasystoles Avere noted. The systolic blood pressure Tvas 125, the diastolic, 55 mm. 
The Wassermann reaction Avas positive. Following a short period of improvement 






















THE AMERICAN HEART JOURNAL 

she became worse, and after a variable course she died March 3, 1927. Postmortem 
e.\-aimnation revealed a thrombus adherent to the wall of the right auricle, Inmer- 
trophv and dilatation of the heart and syphilitic disease of the aorta and of the 
aortic valves. 

Electrocardiograms were made upon five occasions. The one made upon ad- 
mission (Fig. 5, upper left part) shows no abnormal rhythm, but later records 
show the independent ventricular rhythm, inverted P-waves and premature ventricu- 
lar complexes characteristically situated (see middle strip of Fig. 5), features 
which put them in the category under discussion. 

From the evidence presented in Cases 1 and 2 and -wliicli -will be 
elaborated below, this ease appears to be an instance of parasystole 
involving ventricular and secondary auricular pacemakers. It is pre- 
sented because of two additional features not shown in the other eases. 
One appears to have no bearing upon the general problem of mechanism 
but offers important evidence upon a related question. It consists in a 
certain modification of ventricular rhythm as follows ; In some of the 
lilaees where the premature beat regularl}^ occurs none is recorded, but 
the location of the following venti-ieular complex is exactly what it 
would have been had the premature beat occurred. (See bottom strip of 
Fig. 5.) Comment upon this modification of ventricular rhythm will 
be reserved for a subsequent footnote. 

The other special feature of this case, however, furnishes evidence of 
great importance to the problem ivith which this paper deals. It re- 
lates to the auricular rhjdhm. The basic rhythm of the auricle in this, 
as in other eases, show's slight variations. The interaui’icular intervals 
vary between 0.92 of a second and 0.96 of a second (middle strip of 
Fig. 5). Upon occasion, however, that interval w'hich precedes the 
break in ventricular rhythm is shortened, an interval of 0,88 of a second 
being recorded in three instances. Upon other occasions slight shorten- 
ing of this interval is suggested, but in view of the arrhythmia through- 
out the record, no such special feature in these other instances can be 
demonstrated. 

The P-waves which close these short intervals and whose early oc-' 
eurrenee is responsible for the abbreviation, have a characteristic posi- 
tion. They occur at about 0.20-0.22 of a second after the beginning of 
the preceding R-Avave.. P-Avaves AA'hich occur earlier with reference to 
R-Avaves never are premature. In other Avords, whenever the rhythmic 
occurrence of an auricular complex Avould place it nearer to the R-Avave 
than 0.20 of a second, it faUs at its rhjdhmic interval. But if the com- 
pletion of its rhythmic interval Avould cause it to fall at a time after 
R greater than 0.22 of a second, it occurs prematurely. In occurring 
prematurely, moreover, it is ncA'cr closer to R than 0.20 of a second. 
This invariable relationship to the preceding ventricular beat can hardly 
be fortuitous. The simplest explanation, and indeed the only one that 
appears to us at all probable, is that the impulse from the A'^entrieulai 
center discharges the auricular pacemaker if it arrh^es at the time Avhen 
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. 1 nbont to be spontaneously discliarged. Tliat 

».4. . - o.. on,., p 

^hicli are iascrihccl earlier iviH. retcrcice ,o E and 0 20 of a ^cond 
indicates that tlie condnetion of the impittee backward from the 
tricular pacemaker is impaired.'- 

Wltcn tlio auricular pacemaker is dischargod prematurely one ^vould expect tko 

lengtli of the followiug P-P interval to he unaffected. ic'^lso 'upper 

is L case (e.g., at the heginniug of the bottom .strip of Fig. o. fece also upper 

right-!,,, .d strip at top o£ Kg. 5). tlpoa oUiar ««a»io»s, “ “"“j , 

inmloiigcd and this lengtheiiod period requires explanation. In sucli mstanc _ 

possible that the early occurrence of the auricular heat i.s due to t ic c 
; stimulus at a secondary center of impulse formation, a phenomena recorded in 
some of our other cases. What appears to he prohahle, Imrvcvcr, is tliat such a 
secondary center located near the dominant auricular pacemaker has heen discharged 
by the impulse from the ventricular pacemaker. Tliis explanation is supported ij 
the fact that even in such instances the po.sition of premature P-ivaves ivith re - 
erenee to the preceding E-ivavc is the same as upon other occasions. 

The impulse- tvliieh is prematurely discharged produces an auricular 
contraction and passes torvard the ventricle ,iust as do other iinpnlsc.s 
from the auricular pacemaker. Unless its passage is interfered with 
it elicits a ventricular contraction. As in the case of the rhythmic im- 
pulses, ivhether or not it docs so depends upon the time relatioirship of 
its oceurrence to events bclov’ it. If it finds the lower t issues responsive 
a premature ventricular beat occurs. 

The premature auricular impulse ivhieh i.s .shown ahovo the broken diagon.nl lino 
near the middle of the diagram accompanying the lowest strip in Fig. 5 does not 
elicit a ventricular response. But although the ventricle fails to beat in response 
to this auricular impulse, the next heat of the ventricle takes ]ilacc not after the 
rliytlmiie interventricular interval hut at that time wlien it would have occurred 
had a ventricular contraction followed the auricular impulse. The vcniricular juicc- 
maher appears to have heeii discharged without effecting a contraction of the 
ventricle.! The same idienoiiicnou is recorded regularly in tiie right-hand part of 
the top strip of Fig. 5. 

Out’ explanation of the occasional short P-P interval as due to in- 
complete retrograde block from the ventricular center cannot be proved. 

primarily concernea with theories ot block. Whether 5mpulso.s 
^om the yentnculai pacemaker tail to excite the auricular center on tliose other 

resSfnsU-p it. or because upon arrival they ttn<{ it less 

responsive, we do not attempt to say. 

fegordinp the site of delay and of block in case.s wliich 
hnpmse^ of ventridular rospon.so to an auricular 

Scherf and Shomchoff thnt just referred to supports tlie contention of 

A V nnrtA block Is in tlie tissues ot tlie A-V bundle below the 

pacemaker by the passage tliroiTirb it or Vun , tlie^_ vontiicular 



the ventricular center was dischai'ced bv however, that although 

loas elicited. The sequence of e^ms Tn^^this nai^^^ vcntricjtlav response 

as it is in analog-ous marts excen^ curve is exactly the same 

the auricular impulse disehnraed V'® complex is missing-. If 

excite the ventricle, the failure of ^ventricular <-Ucrefore, and yet did not 

covery of tissues below the center While to incomplete re- 
hearing upon the question arissue in tb\s paper it ”bs no direct 

unique record and because ef ifo i t tt’- -^o far as we are aware a 

is reproduced. o®bause of its apparent bearing upon the problem of block it 
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Those who have interpreted such records on the basis of reciprocal 
rhythm explain not only the premature auricular impulse, but all others 
as well, as originating in the ventricular center. This record alone 
cannot disprove such a theory. Both the theory of a single pacemaker 
and that of dual pacemakers assume a conduction defect from the ven- 
tricular pacemaker to the auricle. As applied to this record, however, 
the conception of a single pacemaker necessitates the assumption of a 
sort of haphazard change in conductiAuty in order . to explain the 
auricular arrhythmia. The theory of dual pacemakers explains the 
auricular arrhjdhmia as due to the mathematical relationship betAVeeu 
the time of arrival of the (retarded) impulse and the rhjdhmie period 
of the auricular pacemaker. The agreement of this explanation with 
recognized physiological prineij^les and the general similarity of the 
records in this ease to those in other eases in which two pacemakers 
appear to be demonstrated will be jiresented as evidence favoring the 
conception that these cases of so-called reciprocal rhythm are but modi- 
fied forms of paras.ystole. 

Siimmary of Case 3 . — A ease of sinus depression with ventricular 
rhythm and impairment of retrograde conduction from the ventricular 
center. The guarding of the auricular ijaeemaker from the ventricular 
center was not quite complete, and occasionally the elaboration of an 
auricular impulse was hastened by the arrival of a stimulus from the 
ventricular pacemaker. The ventricle responded to auricular impulses 
unless j)revented by refractory tissue, such responses together with those 
from the ventricular center constituting jjarasystole. 

GENERAL DISCUSSION 

The modification of simiile atrioventricular rhythm which produces 
the mechanism shown in the cases of this group can be fully appre- 
ciated only in its relationship to the fundamental mechanism of un- 
compHeated eases. Atrioventricular rhjdhm originates under condi- 
tions which depress the sinus area or which exalt another center of im- 
liulse formation; or under conditions which produce both effects. The 
result is that secondary centers of stimulus production are uncovered. 
That center whose automaticity is highest will dominate all othex’s, in 
the manner described above, provided impulses from it are freely con- 
ducted to them. Impulses from the dominant area, under such circum- 
stances, activate both the aui’icle and the veutiiele. Such a ease, with 
no impaii'ment of conductimtj', falls into the eategoiy of simple atrio- 
ventricular rhjdhm. 

If there is a defect in retrograde conduction, however, a modification 
of this simple mechanism results. Impulses fi*om the dominant area, in 
some cases, while freely conducted to the ventricle, are not conducted 
to the auricle. There is retrograde block. Under such circumstances 
the auricular center of impulse formation whose degree of automaticity 
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Just 


,-,tov for the auricle in a uiven case depcmls upon eircumsianccs. 
r'ease it may he the sin,, area (Case 3 ) ; in o*'™' j-;'",;- 
pvession may load to escape at a lower center (Cases 2 and •)). in. 
ITof th'e P-waves, therefore, will dilTer in elect rocard.ogran. ot 
different eases. In an individual case, moreover, cliansres tn vagus lone 
may depress that area which has hcen dominant and uncover anolhei . 


The shape of the P-^vaves, therefore, way vary 


in the same record 


(Case 1). The rate of such a secondary auricular center is nccessar . 
slower than that of the ventricnlar center; for if it Avcve not slower 
this auricular center itself would have assumed the ri'ile of paecmalccr 
and its impulses would dominate the ventricular rhylhm. The bloelcing 
between the two centers in most, instances, moreover, is only in the one 
direction, impulses from the secondary center heiu" conducted to the 
dominant center and discharging it prematurely when not prevented hy 
refractory tissue. Sncli eases fall into the eategory of parasystole. 

It will be observed that the difi:erenec between eases of A-V rliythm 
which exliibit parasystole and those which do not is a ditrerence in the 
retrograde conduction of impulses from the ventricular jiaeomaher. In 
one class of cases impulses arc readil.v conducted backward, in the other 
they are blocked. There may bo intermediate stagc.s of retrograde con- 
ductivity, however, corresponding to well-known dill’erenecs in down- 
ward conductivity. In certain cases the impairnicnl, while consider- 
able, is not complete (Case 3). There is jiartial retrograde block. In 
such a case tlie dominant auricular center will discharge its impulses 
rhjdhmieally when it is undislnrbed by impulses from the faster center. 
Under certain circumstances, however, it may be discharged prema- 
turely the arrival of an impulse from llic ventricular center. This 
occurs only when the ventricular impulse reaches the auricular center 
near the end of its automatic period, t The im])ulse from the auricular 
pacemaker, when prematurely discharged, spreads exactly as it, docs 
when automatically released, activating tlie auricle and. unless inter- 
fered Avith, the ventricle as well. In such cases the impairment of eoix- 
duetivity from the faster center to the slower, while sufficient to pre- 
vent the one from dominating the other completely and thus establish- 
ing simple A-V rhythm, is yet not great enough to allow the develop- 


phen?menon. i'npulse fornmUon 


piienomenon. It can occur fiWAPpi.iUi- recopnizotl 
area only when the slowr cente^- fs urorect*^! 

origin of the ventricular impulses in cases '^^rorJln^'v \ v nwT'' d*- 
IS the ventricular center which ifs nroterferi A'T I” case.s It 

block, moreover* is in the revortsA j 1. ^ faster area. The protectiiiR- 

block (A-V dissociation) there Is of couAe'*^umvnra"?'d^ block. In conipleto heart- 
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nnpulse lias matured. 
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ment of pure parasystole. The resulting mechanism stands between 
these. It IS a modified form of parasystole. It depends upon the dis- 
charge of impulses not from a single pacemaker but from two pace- 
makers. When bigeminal beating of the ventricle occurs in such in- 
stances, the second beat is in response to an impulse whose immediate 
origin is different in place but similar in character to that which ex- 
cites the first beat. 

It is the occurrence of premature ventricular beats associated with 
iiiterauricular intervals thus abbre^dated, in eases of atrioventricular 
rhjThm, that has fortified the arguments of those who explain not only 
these but other instances of bigeminj’’ in A-V rhythm as due to ‘ ‘ recipro- 
cal rhjTlim. ” The dependence of the second beat upon the first is in- 
dicated by the constant relationship between them and the conclusion 
that the first beat is “in some, waj”-” responsible for the second is a 
sound one. The further conclusion that the auricle is concerned in the 
causation of the second beat also is sound. But neither the deduction 
that the original impulse which causes the first beat again returns to 
the ventricle, nor the assumption that it is the stimulus of auricular 
sj'stole, auricular contraction itself, which produces the second beat ap- 
pears to us to be warranted. >Such conceptions imply either that the 
impulse causing the second beat is identical with that concerned with 
the fii’st in iDoint of origin or that it differs from it in character. Neither 
proposition appears to be supported by theoretical considerations, by 
experimental evidence or bj’- clinical records. 

That an impulse enters the auricle b3'' a certain path, proceeds in some 
unknown waj^, returns to its point of entrj^ and then proceeds again 
over the same jiath of entrj^ but in opposite direction . .. . . all this 

should not be hypothecated simply because under certain experimental 
conditions instances of circulating mechanism involving a known path 
have been observed. The hypotheses requisite for an explanation of the 
premature beat on the basis of parasy’^stole, on the other hand, accord with 
recognized phy’^siological concepts. Different degrees of conductimtj' 
baelcward as well as forward; separate areas of stimulus production; 
escape from one of these areas; the anticipation of a rhythmic beat bj' 
a stimulus from another center; none of these postulates is at variance 
with established conceptions of cardiac mechanism. Cases of parasj'stole, 
furthermore, Rre on record, in which the interpretation is unequivocal. 
Few, if any, of the cases reported as “reciprocal rhyffhm” appear-to 
necessitate such a separate interpretation. 

A comparative study of the records in our eases strong^ indicates 
that the mechanism in these instances in which short P-P intervals are 
associated with the premature ventricular beats is fundamentally the 
same as that which obtains in eases witli no auricular arrhjdhmia. This 
conclusion is indicated both by the general similarity between the two 
kinds of records and by the fact that in a single record both phenomena 
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appear (Case 3). It ^vopld be difficult to harmonize the conception 
rilie pacemaker .vith regularity ol auricular bcai. assomated noth 
ventricular bigeminy (Case 1; also certain records m Case 2) 

Case 2 is peculiarly important. The records indicate tbnt not. onli 
Avas there complete block from the ventricular to the aurienlav pace- 
maker (retrograde block), but that there iva.s impairment of con- 
ductivity in the other direction as Avell. Not only ivas^ the annenlai 
pacemaker guarded from the ventricular center but in addition the vent ric- 
ular pacemaker ivas guarded from the auricular center. In most, of the, rec- 
ords there appears to be complete dissociation hctivccn the tivo pacemakers. 
Under certain eircuinstanees, however, it ajipear.s that the doivinvard 
block Avas not cpiite complete and that occasional impulses from the 
auricular pacemaker excited the A’cntriele to contraction. li\ e do not 
see hoAV the records in this case could be interpreted on the basis of a 
single pacemaker. It appears to ho a ease of A-V block (almost but not 
quite complete) in Avhich the sinus area has been suppressed and another 
center has become the auricular pacemaker. Or rather. Irom the A'iew- 
point presented above, it is a ease of A-V rhythm in which there is inter- 
ference to the conduction of impulses from the ventriciilnr pacemaker 
backAA'ard to the auricle, resulting in escape at a secondary center; and 
in Avhieh there is at the same time interference to the conduction of im- 
pulses from the auricular iiacemalcer downward to the ventricle. This 
impairnieut of doAvinvard conduction, if complete, Avould remove the 
case from the category of jiara-systolc; for ventricular resjionses to im- 
pulses from the upper center Avould be impossible in that event, and 
parasystole could not develop. Such a case presenting evidence of (wo 
sul>-simis x>accmal<crs di.sehargiug impulses .simultaneously is of great 
importance to the question at issue. 

This conception of so-eallcd atrioA'ontricular rhythm as a mechanism 
which may involve a .single jmeemakcr, or Avhieh may involve t.Avo imce- 
makers, the one more or less completely guarded from the other, or 
(rarely) both guarded from each other, appears to us to be necessitated 
bj'' comparative study of the ca.ses reported. The fundamental relation- 
ship, therefore, between eases of simiilc A-V rliythm, of so-called recijiro- 
cal rhjdhm and of para.sy)?tole is at once apparent; the precise mecha- 
nism in a given instance being determined by the degree of retroo'radc 
conduetiAuty from tlie ventricular pacemaker. 

SUMiMARV 

liihu ilu^tlim the normal auricular pacemaker is in- 

a, ! center from wliich impulses 

eiitiicle anti, m uncompleted cases, the auricle as well Iii 

toted to the auuele. In such instances auricular escape occurs (he 
auricular eeiitor of highest automaticity heeomiug the ,',aec.„Zr f» 
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the auricle. The rhjThmicity of such a secondary auricular center is sub- 
ject to the same influence that may affect other centers of impulse forma- 
tion. In some eases the retrograde blocking of impulses from the ven- 
tricular center is incomplete, and the auricular pacemaker is discharged 
prematurely by those impulses which reach it just before the completion 
of its automatic period. Impulses from this pacemaker pass not only to 
the auricle but also toward the ventricle and produce premature ven- 
tricular contractions when not interfered with by refractory tissue. 
Beating of the ventricle in response to impulses both from the ventricu- 
lar pacemaker and from the auricular center in such cases constitutes 
parasystole. 

Ten cases were studied, three of which are reported in detail. Recipro- 
cal rhjdlim as an explanation of the records in these eases is considered 
but evidence against this interpretation is presented. It appears that 
eases of simjile A-V rhj’thm, of so-called reciprocal rhjdlnn, and ,of 
para.s3’'stole are fundamental^ related ; the precise mechanism in a given 
instance being determined by the state of retrograde conductivity from 
the A^entrieular iiacemaker. 

These eases occur under circumstances associated Avith sinus depres- 
sion and lowered eonduetmty. Digitalis in some instances appears to 
be a contributory factor. 
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\ STUDY OF GALLOP RHYTHM BY A COMBINATION OF 
raONOOARDIOGllAPHIO AND ELECTROCABDIO- 
GEAPHIC :MBTH0DS'^ 

Pierre Duciiosae, 

Geneva, Switzereaxe 

nnHE application of plionocardiograpliic methods is destined to rendu 
J- nsefnl service in the stndy of gallop rhythm. The first, records pn i- 
lished are not of much clinical interest. The tracings arc lacking 
cision, and the minute details so nsefnl for the interpretation of the 
sounds are not in evidence. No doubt these faults arc to be attributed 

to the iiiiperfeetions in the apparatus employed. 

A great advance was made with tlic inirndnetion of precise jihoto- 
graphic methods. By the .siinultaneons application of .sound wavc.s with 
other cardiac tracings, whether those of the radial or carotid pul.s’c, or 
the electrocardiogram, a further advance was made. 

The siinnltaneons electrocardiogram enables ns to draw most valuable 
conclusions because of llie iirceision of its waves and by its immediate 
transmission. Tlie .second tracing is indispensable for tlie correct inter- 
pretation of the phonoeardiograms. 

One has only to consult the researches of Lewis,” Groodel."’ '' 
Battaerd,- Bull," E. H. Kahn,” Weiss and Joachim.*' Seleiiin and 
Vogelsoii,'” H. Jloiid and Oppeiihcimer*" and onivselves'"- in order to 
appreciate the advantages of those .siinnltaneons tracings over the single 
phonoeardiograms. 

Ill our study we have used a .simple optic plionocardiograph with 
electric valves which we onrsolvc.s have constructed.” 

Our apparatus registers the phonogram on the same film as a string 
galvanometer record. The re.sults and the conclusions which we piibli.sli 
here on gallop rhjdlim are drawn from tracings made according to this 
method. 

We must insist here upon the fact that gallop rhythm does not always 
have the same origin. We shall leave out of the discussion all varieties 
of gallop rhjdhm not of auricular origin and shall confine our attention 
to classical auricalav gallop vhyihui. 

Typical gallop rhythm is produced by the addition to the tivo normal 
sounds of a sound auricular in origin or more exactly anriculoven- 
tricnlar. Tins sound is considered as the result of the .shock of the 
auricular blood wave on a iiypotonic ventricle.. Almost all authors a«'ree 
to this explanation of the rhythm which we are about to discuss. Gallon 
rhythm as such is not of sudden origin. At the beginning it is often 
indistin ct, and the term gallop rliytlim cannot be correctly applied at 

Prof. ^Ticket Clinics, University, Getiev.n. Di rectors Prof. RocU enU 
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this moment. Afterwards this indistinct gallop may disappear alto- 
gether or may develop into a real triple rhythm. AVe shall see that these 
modifications of the heart sounds which precede the appearance of gal- 
lop rhjdhm are due to auricular phenomena. 

For this reason we shall deal not only with well-developed cases of 
gallop rhythm but also with the indistinct forms referred to above. We 
shall extend our discussion to several eases of Stokes-Adams disease with 
their auricular sounds and to other still rarer affections where an auricu- 
lar sound is perceptible. 

Our group of tracings will thus deal with all added sounds (not mur- 
murs) of auricular origin including those which do not necessarily con- 
stitute eases of gallop rhythm (23 cases of gallop rhythm in 33 obser- 
vations) . 

The observations can be classified as folloAvs : 

20 cases of hypertension, 

5 eases of hypotension, 



Pig. 1. — Phonogram and electrocardiogram taken simultaneously on a normal sub- 
ject. The first sound (Si) begins at the crest of the wave R. The second sound (S 2 ) 
appears 0.03 sec. after the end of the wave T. Timing = 1/50 sec. 

3 eases of Stokes-Adams disease, 

2 eases of extrasystolic arrhythmia, 

2 eases of mitral disease, 

1 case of congenital heart disease. 

In all the cases the auricular origin of the added sound is shown by 
the presence of the P-wave of the electrocardiogram. 

Before undertaking the study of pathological tracings a few remarks 
should be made upon the chronological relations of the phonogram and 
the electrocardiogram under normal conditions. A normal tracing is 
shoAvn in Pig. 1. 

The first heart sound begins at the crest of the R-ivave of the electro- 
cardiogram and never before it.=^ It can, hoAvever, appear after the crest 

*Bridgmani and GroedeU'' describe a “normal pre.systolic sound” which we also have 
found in some cases, but it is auricular in origin. 
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of the K-™ve in certain oases. It is important to hear in niM this 
indication in reading the tracings of gallop rhjrthm 

ingly no oscillation of the phonogram situated before the E-naae can 
belong to the first ventricular sound. We attribute the existence of such 
oscillations in all our observations to the effect of the auricnlai con- 


traction. 

GALLOP EHYTHM IN HYPERTENSION 

The observations which follow illustrate the three principal forms of 
gallop rhythm which one encounters. They correspond at the same time 
to three different degrees of gravity of the affection. We shall see fur- 
ther on that these forms are the most common; There are others., liow- 
ever, which do not fit exactly in this somewhat rough presentation. 

Case 1. — Male sLxty-four years old, arterial tension, 210/140 min. of Hg. Albu- 
minuria; complaining for some v'celcs of dyspnea and tachycardia, with violent pains 
in the bead. Blood urea, 68 mg. Auscultation of the lieart reveals the first heart 
sound dull and prolonged in the midcardiae area. The second sound especially accen- 
tuated. No murmur at the different areas. 



— ^Hypertension and albuminuria, slight decompensation. Phonocardiogram 
and BKG. Male, sixty-four years old. First sound prolonged in the midcardiae area 
by a short auricular sound (G) jointed to the first sound (Si). vSecond sound (S 2 ) 
accentuated. Space P-G = 0.00 sec. Immediate and subsequent prognosis good. G dis- 
appeared after a snort period with remarkable clinical amelioration. 


On considering the phonocardiogram (Fig. 2) we notice that the first 
sound is longer than a normal heart sound. It lasts 0.15 sec. instead of 
the normal 0.10 see. Tlie electrocardiogram taken simultaneously fur- 
nishes the explanation. It is obvious in fact that two important oscilla- 
tions precede the R-wave. Their auricular origin cannot be questioned, 
when we consider the position and the presence of the preceding P-wave' 
The case under discussion is not exceptional. It is commonly met in 
eases of hypertension at the beginning of decompensation. Tlie modifi- 
cation in the auscultatory signs is due to the addition of a slight auricu- 
lar sound intimately connected with the first ventricular sound. On 
account of this special chronology the addition of the sound does not 


one. 
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Effort tachycardia, dyspnea, edema of the feet at the end of the day, albuminuria 
Blood urea 6S mg. Arterial tension 205/150 mm. Auscultation at the same time as 
the taking of the tracing reveals the presence of gallop rhythm produced by the 
addition to the two heart sounds of a third sound, dull, presystolic, badly defined. 
J’oi this reason the t^vo first soiiuds of the rhj'thm are not clear. 

Fig. 3 (Case 2) sliotvs an important group of oscillations of tlie pliono- 
gram before the R-Avave of the EKG. This is explained hy the auricular 
contraction P. Tlie lack of distinctness in the rhythm is due to the 



Pigr. 3. — Hj’pertension and albuminuria. Notable decompensation. Male, forty-nine 
years old. Phonocardiogrram and BKG. Indistinct gallop rhythm. Auricular presvstolic 
sound (G) not distinctly separated from the first sound (Si). The second sound (Ss) 
is weak. Space P-G = 0.07 sec. Fair clinical prognosis, conditions stationary during 
the previous si.y inontlis. Gallop rhytlini established during the last two years. 


V’ 1. 1 t > ' v 7 ■ • • 1 1 \ ■' ' » • ' • I ' . ’ • 11 i ■ ' 

KiA’inA' .»• • -.'S.'jijt. vi.' •h| -"ffj-v.’i 


1^1 1* If inmniiiMimw'iniiM^ w Minim f nacGsMtcMiB 
■HMfMtBsaniAaBagmcsBieacaKaxsfaBiaciMGsaiMKsiiMWBBiBnKiwMMf M 

ip»wtatEtiMigai««aT3CTocTt3n!tBPa]ejWPSPB|tg^priaBi3PffMBanBf gfjgg 

BS««S«S*f*«««»2H«»«»Ha2J5nSSE®5SSSSS5522 

■••■SaimMiKtwMMifwsdKstuMaBontsmcaaf 902HCSSSI 

WBBMir m «-.-i I I •■iivtM.r 



i8iif.Sts5SSin5SSSMEnS»nK»u' 

w m I » w" •! 55 S •* S E S**52 SS?®^ 


tmean tKW«tfKmmivwnwB(Mrcs*n 

_^jK8an . aswMcrsBRBatoejEaasMBiun 

lorsornfv AKcsaiszstBBmKiBewEBBstmM 


ccnmvnvim # n ^ ** 

^aes3C3eriai.Ke:s««nBmMMnumB~~ 


■ MIBMMa 




Fig-. 4 , — Chronic nephritis, terminal cardiac decompensation. Female, forty-seven 
years old. Phonocardiogram and BKG. Gallop rhythm distinct on auscultation and 
palpation. Auricular sound (G) presystolic, well separated from the first heart ^und 
(Si) (silence of 0.08 sec.). Second sound (S=) accentuated. Space P-G = 0.03 sec. Clini- 
cal conditions very bad. The patient died three weeks after the taking of the tracing. 


shortness of the silence Avhieh separates the two first periods. This lack 
of distinctness is further accentuated by their dullness. 

Case 3. — Briglit’s disease. Female, forty-seven years old, in a very advanced 
stage of decompensation. Obliged to remain in bed during the past months, with 
pronounced swelling of the legs. Permanent dyspnea and albuminuria. Blood urea 
30 mg. Auscultation reveals a distinct gallop rhythm aceompaniecl by a presystolic 
shock which could be easily palpated. Arterial tension 210/150 mm. 
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The tracing (Fig. 4) reveals the existence o£ a presystolic sound sepa- 
rated from the first sound by a complete silence of 0.06 see. Tins is the 
classical gallop rhythm Ydiich can be perceived equally well by palpa- 
tion and by anscnltation, and the significance of winch for the prog- 
nosis is well known. The patient died shortly after the taking of the 
tracing. Post-mortem findings by Professor Askanazy revealed sclerosis 
and atrophy of the kidneys, considerable hypertrophy of the myoear- 
— ^ifentricnlar and anricnlar— with dilatation of the heart cham- 
bers, as is usual in these cases. 

In decompensated hypertension the distinctness of the gallop rhythm 
does not always correspond in such a striking fashion with the gravity 
of the disease, as in the three cases cited. A certain proportion of such 
patients may possess a well-defined gallop rhythm for years before de- 
clining. Fig. 5 deals with an example of such eases ; Female, seventy- 



Fig. 5.,-— Female, sevent.v-six years old. Hypertension, albuminuria, slight effort 
dyspnea. Arterial tension lSO/130. Phonocardiograin and EKG. Well defuied gallop 
m evidence by auscultation and^ palpation for the past two years. Auricular sound (G) 
short and loud, separated from the first heart sound by a silence of 0.14 sec. Extrasvs- 
tole of septum origin followed by a compensatory pause after wliich gallop rhytlini is 
absent The simce P-R of the EKG is increased (0.24), a fact which contributes W 
Uie distinctness of G (in spite of the length of the space P-G = 0.14 sec). Second 
sound IS intense (Sa). Ciinical status gives no immediate cause for alarm? 

six years of age, witli gallop rhythm during a period of two years, in 
Avhom the clinical conditions became no ivorsc. 

(We shall discuss later the different factors which influence the dis- 
tinctness of gallop rhythm.) 

GALLOP RHYTHM IN ARTERIAL HYPOTENSION 

Gallop Aytlim in hypotension, the clinical pietnre ol which has been 
so well defined by Dumas,” owes its origin in almost every case to the 
0 assical meehamsm o£ the anrieuloventricular shock. In its cateoory 
however, the tlnrd heart sound is more frepnent ttan in hj^er ensbn 

and pernicious auemia anfflMlh. inlffr r""" 

heart, such as typhoid feveii tl'seases which affect the 

■Wc hate nevci had an opportunity to observe indistinct forms of this 
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gallop comparable witli Case 1, previously cited. We do not doubt, bov- 
ever, the existence of such. In the five eases which we have followed, the 
rhythm is^ alwaj^s well defined and in general more distinct than that of 
hypertension gallop. The tracings of Fig. 6 relate to a patient forty- 



Fig-. G. — Pernicious anemia. Male, forty-nine years old. Hb. 40 per cent, red blood 
cells 1,225,000. Arterial tension 90/60 mm. Four-time rhythm at the apex. Presys- 
tolic sound (G) intense and of high tone, clearly separated from the first sound (Si). 
Slight systolic inorganic murmur (Sm). Second sound S 2 , third sound Ss. Space P-R 
= 0.18 sec. Space P-G = 0.04 sec. Serious anemia of grave clinicai import. Subse- 
quently cured by liver therap 3 ^ Disappearance of G and of S3. 



Pis. 7 . — Auricuioventricular block produced in a case of hypertension by compres- 
sion of the carotid (the same patient as in Pig. 3). Phonocardipgram and EKG 
(owing to its length the tracing is divided into two parts which should be read in 
succession). The isolated auricular systole (No. 2) gives rise to a double sound Gi 
and Gs. The auricular contraction No. 1 produces the sound G which is single, but us 
total length equals that of the two sounds Gi and G= combined. At the end of the loi^ 
diastolic pause the sound G is weakened and modified (No. 3). Space P-G No. i — 
O.OG, No. 2 = 0.08, No. 3 = 0.085, No. 4 = O.OG sec. 


nine years old suffering from pernicious anemia. This patient had at 
the same time gallop rhjdhm and an exaggerated third heart sound 
(four-time rhythm of Laubry and Routier). It is useless to insist heie 
on this third heart sound. We shall confine our attention principally to 
the distinctness and intensity of the added auricular sound. 
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BLOCK GALLOP IN STOKES- AD AMS DISEASE 

lu Stokes- Adams disease, auricular sounds are generally impercepti- 
ble but in almost all eases these auricular sounds appear on the trac- 
ings. The tracings of Lewis, Groedel, Selenin and Vogelson support this 
statement. The tracing of Fig. 7 represents the heart-hlock brought 
about by the compression of the carotid in the case of hypertension as 
depicted in Fig. 3. Here the oscillations of phonocardiogram of the 
isolated auricular systole comprise two crests Gi and G 2 . In fact, in 
almost all cases the auricular sounds in heart-block are doubled. We 
ourselves!^ already published two cases where this doubling was 
even more striking. W. Eeid,’® Groedel, Selenin and Vogelson have 
also recorded similar eases. As to ivhy the auricular sound is double' in 
heart-block and single in presystolic gallop, we cannot say. But the fact 
exists, and our tracing. Fig. 7, illustrates this point. 



Pigs. S and 9. — Perforation of tije interventricular septum. Absence of cardiac de- 
compensation. X-ray shadow of the heart increased in ail ts diametere Pis S to 

area. G is the presystolic sS si is the first 
muiroun and S» the second sound. Space P-R =024 sec 
Space P-G — 0,10. On the right, Pig, 9 is a record of events above the left collar hone* 

seconflounl Ipacrito ~^o!o 7* sec°^ transmitted first sound, the 


^ The wave P (No. 1) preceding the ventricular systole produces a 
single sound G, while the corresponding sound is doubled in the auricu- 
lar systole No. 2. It should be noticed that the total length of the 
double sound is the same as that of the single sound and that reduplica- 
tion is due simply to the attenuation of intervening oscillations. In one 
ease only of presystolic gallop have we observed a double presystolic 


auricular sounds in EXTB-ASYSTOLIC ARRHYTHMIA 

In the case of two aormal subjects exhibiting xentrioular extras^tolf 
we bane obsetved on the teaciugs acoustic wales eorrespoudh g tfa I 
wave eonuug after the ventricular cxtrasystolo. The lty ”^ 

taebed to these eases is the consideration of the space P O vlb , 
we shall deal later on. ^ ^ 
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GALLOP RHYTHM AND CONGENITAL DISEASE OF THE HEART 

Tins paragraph deals with an isolated ease, that of a young girl 
twenty years old with a perforation of the ventricular septum, but'show- 
ing no sign of cardiac decompensation. Auscultation revealed the pres- 
ence of the usual loud systolic murmur in such a cardiac lesion. In 
addition, over the whole preeardiac region one heard a loud presystolic 
sound well separated from the systolic sound with its maximum intensity 
in the aortic area. This sound was also perceptible with extraordinary 
intensity above the left collar bone. The added sound in this case inter- 
ests us onlj"- from the point of view of auricular etiology, and it cannot 
be included in a clinical survey of gallop rhjd;!™. Figs.’ 8 and 9 show 
the record of this presystolic sound in the aortic area and in the jugular 
region. Its auricular origin cannot be doubted in view of its relation- 
ships Avith the P-Avave. It should be noticed that the space betAveen 
P and G is 0.03 see. shorter in the jugular than in the aortic area. 



Pig'. 10. — ^Hypertension, nephritis, uremia. Acquired syphilis at the age of twenty- 
four years. Male, forty-two years, AA'^assermann positive. Phonocardiogram mid- 
cardiac and EKG. Diastolic gallop rhythm. Space P-R = 0.30. Added protodiastolic 
sound G. Dull first heart sound Si, accentuated second sound S 2 . Space P-G = 0.04. 
Clinical conditions verj' serious. Patient died eight days after the taking of tracing. 

MITRAL STENOSIS AND GALLOP RHYTHM 

The anatomical nature of mitral stenosis seems to exclude the pro- 
duction of gallop rhythm. It is difficult to see Iioav the auricular blood 
Avave could give rise to a murmur and a sound at the same time. ScA^eral 
obserAmtions, hoAvcAmr, among which Ave must mention the one recorded 
by Conner, seem to throAV doubt on this idea. We ourseh^es have on tAA'O 
occasions obserAmd an intense additional sound in mitral stenosis. The 
tAAm cases were Amiy different. In the one case the added sound Aims cer- 
tainty due to a third heart sound. In the other ease, the added sound 
Avas perceptible only in the tricuspid area, AA-hile at the apex there Avas a 
feeble presystolic murmur. In this latter case AA'e are probably in the 
presence of gallop rhjdhm of right Amntricular origin. This view is sup- 
ported by the enormous h3’p)ertrophy of the right A’^entricle. 

We cannot discuss AAuth much detail the eases of diastolic gallop caused 
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by prolonsation ot the P-R interval, since rve have only two tracings at 

an example ot diastolic gallop. The auricular sound G is 
near®' the second sound than the first on account of the prolongation of 
the conduction time and of the shortness of the space P-G which lasts 

only 0.01 sec. . 

The different tracings of gallop rhythm discussed hitherto present cer- 
tain differences. These differences concern principally the distinctness 
and the quality of the rhjdlim whieli in then turn depend on the in- 
tensity and the acoustic qualities of the additional anrienlar sound. At 
first sight no general clinical eonelnsion can be drawn from them. On 
the other hand the chronological study of the relationships of .the wave 
P with the sound G seems to ns to be of great importance in prognosis. 


DISTINCTKESS OP GAHLOP RHYTHM 

The distinctness depends on the intensity of the added sound and the 
.silent space which separates it from the first sound. This space itself is 
determined by several important factors : 

(a) The duration of the sound G. If the sound G is short, it is more 
likely to be separated from the first sound (cf. Pig. 5). 

(b) P-R interval. The prolongation of conduction time throws back 
into the diastole the sound G, which becomes quite distinct from the first 
sound, even though it he weak. 

(e) P-G interval. As we shall see later on, this interval varies con- 
siderably. The longer it is, the nearer the sound G approaches the first 
sound, and the more indistinct it becomes. 

(d) R->Si interval In a few cases, the first heart sound begins several 
hundredths of a second after the R-wave, which fact separates it more 
clearly from sound G. Differences in tlie interval R-Sj depend also on 
the area at which the registration is made. 

One should be cautious in drawing clinical conclnsions from the dis- 
tinctness of the rhythm, since this depends upon different factors. In 
diastolic gallop I’hythnis, Gallavardin* has already drawn attention to 
variations of the interval R-Si which are susceptible of modifying this 
rln-thm. 

One can, however, conclude that a gallop rhythm whose first two 
sounds are clearly separated, amVwliere the P-R interval shows no pro- 
longation, IS almost always of bad prognosis (cf. further P-G interval). 


iivTtl\SlTY OF ADDED .SOE'JfD G 

_ Tins varies with the auseultatioii areas and with the respiration phase 

In one case of a patient with hypertension hut whose clinical eon 
<1.*™ w„s sa-iou. the „£ t iu 
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tensity of the sound G, Tvitliout notabty increasing the heart rate. In 
the same case pressure exercised on the carotid caused the sound G to 
disappear almost entirely, Tvhile the heart rate dropped only from 
78 to 74 

In trvo cases of anrieuloyentrieular block the auricular sounds uere 
more intense when they occurred at the end of diastole. While in the 
ease of the induced block of Fig. 7, the sound G is sensibly diminished 
at the end of the long diastolic pause. In another similar case after a 
block temporarily induced we noticed on the resumption of normal 
rhythm a considerable weakening of the sound G during a period cover- 
ing more than thirty systoles. , 

Ventricular extrasystoles altering the regularity of the rhythm also 
change momentarily the intensity of the auricular sounds which foUow 
the compensatory pause. In many cases the gallop disappears after an 
extrasystole, but in one ease it was reinforced. 

One cannot therefore draw any conclusion as to the prognosis from 
the intensity of the additional sound. 

TO>'E OF THE AnUED SODXD 

The tone differs according to the ease. In hypertension it varies be- 
tween 25 and 50 double vibrations per second. In our five obsei’vati 9 ns 
of hypotension it oscillates between 40 and 58. In this latter case there- 
fore, it is higher and this fact would explain the distinctness of gaUop 
rhythm in the eases of hypotension. 

The G soxmds of tone below 30 vibrations are difficult to perceive by 
auscultation, but they are often perceived on palpation. 

DURATIOX OF THE ADDED SOVND 

This varies from 0.04 sec. to 0.15 sec. A long G sound is generally 
intense, but the contraiy is also sometimes observed. The duration of 
the G sound is no indication of the seriousness of the case. 

We have not noticed any relationship between the form of G and that 
of P. 

P-G rXTERVAJj, OR TEUE BETWEEX THE P-WAVE AXD THE AHRICUEAR SOUXD 

This time is measured from the middle of the P-wave to the beginning 
of the sound G. Figures taken on our tracings lead us to formulate two 
important laws. 

Fii'st law: The duration of the P-G interval is an index of the serious- 
ness of the affection. 

This law applies to aU the cases of auricular sounds which we have 
presented here, independent of their variety, whether the nature of the 
gallop be presystolie or diastolic; whether it occur in eases of block, 
mitral stenosis, congenital affections, etc. The duration of the P-G in- 
terval varies from — 0.02 to 0.14 see. according to the case and is com- 
pletely independent of the intensity of the sound G. 
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The inaKinuun variation of the P-G interval ik 0.01 sec. nc.coul 1 
the uvea at vhich the tracing is made. Phythniu; tronljlcs, s'K > is « ■ 
tvasystolos, inducecl block, bradycardia or lacbycardin, never modif> 

by more than 0.02 see. . , , 

‘ Whenever the interval P-G is less than 0.05 see.. ]n-ognos.s is very Imd. 

When it is greater than 0.05 sec., cardiac deeoinpensaln.n is l(‘ss aeeen- 
tuated and a longer survival is probable. The oliservnlion.s present..] ,n 
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Fip. 12.— The same i.atlniit as In Piir. 11. Clliiic:il condition imidi Traehn-! 

made JamuiiT It. Gallop rhyUmi distinct as bcfoi-e. I’-tl tnt.'rvnl ~ f'.t'O. 

this communication include one c.vception only to this law, 'Fo illus- 
trate our first law, ive shall now give a brief summary of our eas.'s; 

P-G mierval less Hum 0,0:1 sec. 'Jhvelve very serious cases, in ten of 
which the patients died within two months, ami two survived. Of Hu. 
siirmvals one was a case of pernicious anemia treated and eiir.'d by liver 
extract, the other ca.se was one of myocarditis whose condition iniin-oved 
P-G mierval greuier lhan 0.0.1 sex. Twenty cases in which cardiac 
decompensation was not far advanced and in wliieh the, clinical con- 
dition gave reason to liope for a reasonably long survival. Ii, lids ..roun 

.s meMed fl.c ,.xccp,i„., ,vl,icl. ,vo l.avo. „l,„vc vofcrrodlZ 

ease of serious myocarditis, *' 

Second law: The P-G inierval varies in proporf iov io the ameliovalion 
f the aggravation of the case during its cvohiiinn. 
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For example the condition of a patient with gallop rhjdhm whose P-G 
interval measures 0.06 sec., might become worse and the interval P-G 
then becomes less, or on the other hand the condition of the patient 
might improve and the P-G interval then becomes greater than 0.06 see. 
In certain rare eases a patient whose clinical condition is veiy serious 
and whose P-G interval measures 0.03 sec. might have a temporary im- 
provement on a suitable medical treatment, and in that case the interval 
P-G would increase to 0.05 see. or more. 



Fig". 13. — Myocarditis. Male, forty-eight years old, alcoholic, Wassermann negative. 
Blood urea 0.06 per cent. Albuminuria 0.05 per cent. X-ray examination showed the 
heart sensibly increased in size especially the left ventricle. Tracing taken June S, 
1931, during a serious attack of decompensation. Diastolic gallop rhythm. P-G in- 
terval 0.02 sec. decompensation. 



Fig. 14. — Same patient as in Fig. 13. Tracings taken July 13. Considerable clinical 
amelioration in progress. Gallop rhythm still distinct. P-G interval 0.05 sec. 


We shaU cite two tj-pical examples of the variations in the length of 
the P-G interval during the evolution of the disease. 

The first example is that of a man forty-four years old, with fibrosis of the myo- 
cardium, whose decline was extraordinarily rapid. Hardly four weeks elapsed be- 
tween the appearance of the first serious symptoms of cardiac decompensation and 
death. He had rheumatic fever at the age of fourteen, diphtheria at twenty-seven 
years, no history of syphilis. The first signs of cardiac deficiency appeared in No- 
vember, 1930. An attack of angina pectoris occurred at the end of December. He 
had an arterial tension of 170/90. In the beginning of January, 1931, he had acute 
j)ain across the chest with intense dyspnea. Auscultation revealed a distinct gallop 
rhythm. The patient became worse and died January 16. Post-mortem findings by 
Prof. Askanazy showed the weight of the heart to he 620 gm. There were traces of 
a previous pericarditis; the valves were intact, and the muscle was much hyper- 
trophied. In tlie substance of the myocardium appeared large white patches of dif- 
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mjcnosAL: STunv of oAOi.or uuvTint 

. with sliiOit .'■•I'lcrhsis 

f„.o myoearaui. The covoaan- a, tone. 
at thoiv novtie ovighu The f<.«r .av.Ooa 

The phono.n-;uu tracings taken Ion and four dttys hofm-o de.tth are 
iX”. n ..,.n 12 vospecivety. 1., .h .l„ys 11.0 i>-.l ,na.,-v,.I <1.- 

croasl'd from 0.05 .sec. to 0. , , • r..,., , 

The other ease deals with a man h.rly-eiylH years ohl. sptVvruis fi 
mvoearditis. On entering, the h.,spital his enr.liae Ky.npt.nas were so 
serious that a fatal issue was supposed to be a quest ton ol Itours, Diaslolie 
gallop rltytiim, easily ptiliialetl and elearly iiiidilile. was in evidenee 
(Fig. 13). Arterial tension 165/150 mm. 

Under the influence of veno.seetitm. ojjjihian pa rent ('rally, and sunse- 
qnentlv the nsc of insulin and glucose, the patient gradually ijuproved 
and after five weeks lie could walk a little. It wsis at this tiuu' that the 

second tracing (Fig. 1-1) was taken. 

On the tracing taken June 8. tlie F-O interval is negidive mu\ meas- 
m-og —0.02 sec. The very early appt'aranef* of gallop in rdationsliip to 
P explains the diastolic apprccinti<m of this galloju in spite (»l the faet 
that the P-P interval is only 0.15) .sec. in duration. 'I'ln' second tnu'ing 
shows the gallop rhythm still distinct, hut the P-0 interval measures 
then 0.05 sec. Tliis fignn'. although still indienting reserve in ]>rogiio<is. 
rcfieef.s the extraordinary amelioration which took plae(* during live 
weeks. 

COXCLU.SIOXS AS TO TUf. MKCUANMSM OF r.Ata.(n’ JIllYTHM 

The auricnlovcntrienlar mechanism is contirmed hy tlie phonograms, 
Tiie origin of the added sound can no longer he doidit(>d. The sound is 
perceptible only in the ventricular area and not in the aiirieular. Its 
origin is not therefore due to the muscular eontraelion of the auricles. 
It is generally admitted that tlie hypotonmify of the failing myneavdi\nn 
causes the ventricle to dilate suddenly and loudly under the infinenee 
of, the auricular blood -wave. 

How is one to interpret (he variations of llic P-U interval? This is 
not an easy question to answer. The two principal factors in the produc- 
tion of gallop rhythm are the auricular contraction on one hand and the 
ventricular liypotonicity on the other. It is reasonable lo suppose that 
the modifications in the P-G interval are the re.sull of variations in these 
tno factors during the evolution of the disease. 

If tlio vcnlriciilar iiypoloiticity ini'icnsits willi Ibi? givivil.v of lit,. |.|iso 
one migltf. suppose Ilia, tl,e attrio,,),,.. wavo-sliook wonltl oimsc ll„. voit- 
fl-tele to c-xpaiKl moi-c easily a.td tint fi bo ,,„i,.k]v 

perceived. 

It-?/'*''' '’*’'" *'"■ f'tliirac of ibe aiirieiilar eim- 

Haction ,s grcalcr wboii eai-dinc .lec„mpe,K„(i„„ is far mlvaitoed ,m 

t™,a.™sa.on of ,„e a„ri„,.,a.. fi aot.tt.l eat, bo p,„„aib,, ao^, I/;':' 
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Against the argument based on the hyi^otonicity of the ventricle, one 
can say that this latter should retard the transmission of the auricular 
blood Avave, and ipso facto the sound. 

In ohr opinion more importance should be attached to the increased 
volume of the aurieular blood-wave in advanced decompensation.' 
do not wish, hmvever, to deny the importance of ventricular hypotonicity 
in the jAroduetion of the sound ; this fact is no longer questioned. 

Oui’ conclusions upon this point are the, following : ■ 

Muscular hypotonicity of the ventricle is necessary for the production 
of gallop rhythm. This factor alone, hoAvever, is not sufficient to ex- 
plain all the phenomena of gallop idiythm as indicated in our tracings. 
Simple auscultation does not rcA’-eal these phenomena. From the study 
of our tracings Ave are of the opinion that the variations in the P-G in- 
terval arise from the A^ariations in the force and volume of the aurieular 
Avave, AA'hile the hypotonicity regulates the production and the acoustic 
quality of the sound. 
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TorATJ/ATION OP EXPERIMENTAL VENTRICULAR MYO- 
CARDIAL LESIONS BY THE ELECTROCARDIOGRAM 

J. Hamilton Crawford, M.D., George H. Roberts M.D., 

David I. Abramson, AID, and John C. Cardwell, AID. 
Brooklyn, N. Y. 

E fforts to localize ventricular inyoearclial lesions by means of the 
electrocardiogram were given impetus by the observations of Her- 
riclP and later of Pardee-^ on the eleetroeardiogTapluc ehange.s ioUow- 
ing proven coronary thrombosis in man. Previously, SinitlF had de- 
scribed characteristic alterations in the T-wave and R-T segment after 
ligation of branches of the coronary arteries in dogs. Parlcmson and 
Bedford, in an admirable paper, described and classified tbe foims of 
the R-T segment deviations and T-wave changes in myocardial infarc- 
tion. They found that the R-T deviation was best seen in eithei Lead I 
or III, an R-T elevation in Lead I being associated with an S-T de- 
pression in Lead III, and vice versa. They classified all curves whieli 
possessed the former features (i. e., R-T elevation in Lead I and S-T de- 
pression in Lead III) as Ti type, and those exhibiting the latter (i. e., 
E-T elevation in Lead III and S-T depi’cssion in Lead I) as T3 ti^ie. 
They found that some of their tracings .showed an R-T deviation in a 
single lead, either I or III, without significant changes in the otlier 
two, or in combined Leads I and II or II and III with no alteration of 
the remaining lead. Hoivever, they considered such findings sufficient 
to ivarrant the inclusion of these cases in the above classification. They 
also pointed out that when the R-T deviation was considerable the 
T-wave, strictly spealring, was not evident; such curves approximated 
to the monophasic rather than the diphasic type. Definite T-waves be- 
came apparent before the R-T segment completely returned to the iso- 
electric plane, in which case the direction of the apex of T was con- 
stantly opposed to the direction of deviation of the R-T segment; Park- 
inson and Bedford concluded that “all available evidence points to the 
fact that it is occlusion of the left coronai'y artery or its branches which 
produces characteristic T-wave changes,” and agreed -with SmitlF that 
the relation of the infarct to the apex was the important factor in de- 
termining modification of the electrocardiogram. 

Barnes and mitten,® observing the exact site of infarction at necropsy 
in a series of eases in which a coronary T-ivave or alteration in the R-T 
interval had occurred, attempted to correlate the site of infarction, the 
ood supply, as from the right or left coronary artery, and the R.-T and 
i-wave deviations, as classified by Parkinson and Bedford. 

^ P'-dunirai-y report, l.ave stated' 
lig ation o£ brandies of tJie right and left coronary arteries in dogs 

Ira.' »< Hirsiolosj., Lons Mona Colleso ol MeJIolno. Brook- 
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resulted iu changes of the RS-T segment closely similar to those pro- 
duced by occlusion of the corresponding brandies in man. 

In this investigation a study has been made of the R^T segment and 
T-wave alerations following the production of definitely localized myo- 
cardial lesions, the localization of which has been related to the eleetro- 
cardiographic classification of Parkinson and Bedford. 

METHOD 

An electric cautery was applied to the heart in order to produce a lesion simu- 
lating that of myocardial infarction. To facilitate the interpretation of results 
the ventricular wall was arljitrarily divided into the following eight regions: 
left apex anterior, left base anterior, left apex posterior, left base posterior, 
right apex anterior, right base anterior, right apex posterior and right base 
posterior. Thirty-four successful experiments were performed on cats under 
sodium amytal anesthesia (75 mg. for an adult cat injected intraperitoneally). 
Xeedle electrodes wei’e placed under the skin and tied, the control electrocardio- 
gram being taken after this step. Artificial respiration was then established, 
the chest opened, and the whole heart exposed by slitting the pericardial sac. A 
second tracing was recorded, the time noted and the cauteiy applied to one of 
the above regions until a burn of about % cm. in diameter was produced. The 
depth of the burned area was extended as far as possible without penetrating 
'the ventricular cavity. If this precaution were taken very little bleeding ensued. 
The time was noted and a third electrocardiogram recorded. If it showed no 
change from the normal, the boundaries of the cauterized area were slightly ex- 
tended. Thereafter, tracings were taken at frequent intervals, and at the comple- 
tion of the experiment the heart was removed, examined, and preserved in alcohol. 

RESULT.S 

In analyzing the results, the classification of Parkinson and Bedford 
of Ti and Tg types has been adopted as a basis. B^hen individual cases 
do not conform, the differences are .stated. One can either describe tlie 
electrocardiographic changes produced by a lesion iu a particular area 
or note the areas from which curves of a definite kt^ie were obtained. 
The foimer method seems prefex’abie, for by this means all the informa- 
tion given b.y the latter is included and variations from the basic tjqie 
are more easily* ixresented. All curves which could be classified defi- 
nitely were of a monophasie tyixe. In a majority of the exjieriments 
the electrocardiograpbie changes which followed cauterization were only 
transient and a return to normal ensued despite the continued existence 
,of the lesion. The significance of this will be discussed later. In some 
instances there Avas present between the monophasie tj^ie of curve and 
the return to normal, a transitional stage in which a diphasic curve was 
seen, with the terminal deflection I'esembling the coronary T-AvaA'^e. 

Left Apex Anterior (Figs. IB, 2 A, 7 A). —Eight successful experi- 
-ments Avere performed, in six of which typical Ti curves were obtained. 
In tAvo of- these (Cats 3, 26) Lead III presented a low take-off of the 
R-T interAml,'’' AA’hile in the other four (Cats 1, 13, 20, 30) it shoAved no 


»R-T internal will be used tliroughout for both the R-T and S-T interval. 
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Table I 

Class, P.CAUOX or ELSCTKOCAro.ooiLUis Accoroixo TO Types ^ 


SITE OF LESION 
Zeft-Apex Anterior 


Left Base Anterior 


CAT 

NO. 

3 

4 

13 

20 

26 

27 

30 

5 

10 

21 

24 

29 


Left Apex Posterior 


Left Base Posterior 


Eight Apex Anterior 


Eight Base Anterior 


Eight Apex Posterior 


Eight Base Posterior 


6 

22 

31 

34 

1 ’ 


( 

9 

23 

33 

35 


12 

14 

32 


11 

17 

39 


16 

36 

40 


15 

37 

38 


type 


Ti 

Ti 

0 

; 

Ti 

Ti 

Tx 

Tx 


Tx 

T, 

? 

Tx 


Ti, 


Ta 

Ta 

Ta 

T, 

To 


Ta 

Ta 

Ta 

Ta 

Ta 


Ta 

Ta 

T 


T 

Ta 

T 


Ta 

T. 

Ta 


DEGREE OF 
CHANGE 


definite 

definite 


definite 

definite 

definite 

definite 

definite 


•R-T elevation in Le.ads I, IL 
III of equal magnitude 
changes not marked 


definite 

slight 

definite 


definite 

definite 

definite 

definite 

definite 


definite 


definite 

definite 

definite 


definite 

definite 

definite 


definite 

definite 

definite 


definite 

slight 

definite 


remarks 


R-T depression in Leads II 
and III 


R-T depression in Leads 1 
and II 


R-T elevation in the 3 loads 
most marked in Lead III 

R-T elevation in the 3 leads 
most marked in Lead III 


changes not marked 
changes not marked 


no change in any of the leads 
slight depression in Lead II 
no change in any of the leads 


changes not marked 


changes not marked 


experiment, a lesion was produced fii-st at tlie left apex anterior vnien 
the changes induced had disappeared, the left apex posterior was cauterized.' 

change from normal. In one instance (Cat 4) a monophasie ciu've of 
about equal mag-nitucle was proclncecl in the three leads. Cat 27 was an 
exception to all the other experiments performed at this site in that a 

tjqncal T 3 tracing was obtained. A later record in this case showed a 
coronary T-wave. 

Left Baee Anterior (Kg. 2 B). -Five successful experimeuts ivere 
performed, m hvo of ivMoh (Cats 10, 29) the curves obtained were 
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Fig. 3. — A. Lesion at left apex posterior. T.i type. R-T elevation in Lena III and 
no change in Lead I. B. Lesion at left base posterior. To type. R-T elevation in 
Lead III and no change in Lead I. 
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markedly of tlxe Ti type, while in a tliird (Cat 21) there were' similar 
but less iiroiiouneed changes. In Lead III, Cat 29 showed no alteration 
of the R-T segment, Cat 21 a slight depression and Cat 10 a slight 
elevation which was almost negligible compared to that in the other 
leads. Cat 24 presented a slight depression of the E-T interval in 
Leads I and II, and no change in Lead III. In Cat 5 there was a de- 
pression in Leads II and III, while Lead I remained unchanged 
(Fig. 6 E).. 

Left Apex Posterior (Figs. 3 A, IB). — Four successful experiments 
(Cats 6, 22, 31, 34) were performed and in every instance a T3 type of 



Fig. 5. — A. Lesion at I'iglit apex posterior. Ts type. R-T elevation in Lead III 
and no change in Lead I. B. Lesion at right base posterior. Ta type. R-T elevation 
in Lead III and no change in Lead I 

curve was obtained. No change from the normal was observed in Lead I 
in any of these. 

Left Base Posterior (Fig. 3 E).— Five successful experiments were 
performed, in three of which (Cats 7, 23, 35) typical Tg curves resulted. 
Lead I in all of these remained unchanged. Cats 9 and 33 presented an 
elevation of the E-T interval in the three leads but most marked in 
Leadlll (Fig. 6 J.). 

Bight Apex Anterior (Fig. 4 J.).— Three successful experiments were 
performed. Cat 12 showed a well marked Tg type ndth a slight depres- 
sion of the E-T interval in Lead I. The other two (Cats 14, 32) pre- 
sented Tg types, but the changes produced were much less marked. 
Lead I in both of these was unaltered. 






CRAWFORD, ET AL. : EXPERIMENTAL VENTRICULAR JIYOCARDIAL LESIONS 633 








changt in left apex ^ 









634 


the AMERICAN HEART JOURNAL 

Bight Base Anterior (Fig. 4 B). -Three successful experiments were 
performed (Cats 11, 17, 39) none of w^hich sliOAved anj-- marked change 
in the curves, despite repeated cauterization. However, in one (Cat 17) 
a slight deiiression of the R-T interval -was observed in Lead II. 

Bight Ajiex Posterior (Pig. 5 A ). — Three successful experiments were 
lierformed, in all of ivhich a T 3 type of curve resulted. Two (Cats 16, 
40) showed a marked change, while in the other (Cat 36) it w^as slight 
but definite. Lead I remained unchanged in two, while in one (Cat 40) 
it presented a marked depression of the R-T interval. 

Bight Base Posterior (Pig. 5R). — ^Three successful experiments were 
performed (Cats 15, 37, 38) in all of which a Tg tjiie of curve was pro- 
duced. Cat 37 show^ed a slight but definite depression of the R-T seg- 
ment in Lead I. In none of the curves w^ere the changes as great as 
had been obtained at the right apex posterior. 

DISCUSSION 

Previous investigators have employed various methods to produce in 
animals a condition simulating coronary occlusion with subsequent myo- 
cardial infarction in the human being. As early as 1862, Panum® at- 
tempted to obstruct the coronarj^ arteries b.y injecting a mixture of oil, 
wmx, tallow" and lampblack into the aorta, but his w'ork is only of his- 
torical interest, since the results Avere inconclusive. Porter*^ and later 
Hamburger, Priest and Bettman^'* injected suspensions of lycopodium 
spores directly into indiAudual coronary arteries. The latter group of 
investigators, who performed their w^ork on dogs, stated that the sub- 
sequent lodgement of these emboli in capillaries and arterioles more 
nearly approximated the clinical finding of coronary thrombosis than 
the ligation of larger branches. 

A number of AA'orkers, Samuelson,^^ Porter,’’ Miller and MattheAVs,’- 
Kahn,’’® Otto,”"’’ Smith,®’ ® Peil and his collaborators,”" Barnes and 
Mann’’ and others, haA’e utilized ligation or clamping of coronary 
arteries to produce the desired lesion. Peil and his coAvorkers Avere 
careful to exclude the coronary Amin from the ligature, AAhich limited the 
ischemia to coronary artery occlusion, a precaution not taken bj'^ pre- 
vious investigators. Peil further increased • the existing myocardial 
ischemia by occluding the inferior vena caAm at Amrious periods during 
the experiment. 

Several investigators have attemiAed to inject various chemicals into 
the myocardium of the Amntricles in order to produce results similar to 
infarction. Eppinger and Rothberger”® injected a 5 per cent solution 
of mercuric chloride, but they soon discontinued it because of fear that 
the absorption of the poison Avould cause complications, and further- 
more, it Aims difficult to recognize the injected area after the heart Avas 
fixed in formalin. Later, they used a 20 per cent solution of siKer ni- 
trate and. found it served very w’ell ; the region affected Avas clearlj^ seen 
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maeroscopioally and well onllined niienoacopleally. 

mei-curic clilorklc and nitric, acid, Irat Iweanac ho cn|.cr.cnccd drff.n, ty 
s of these cjmstics to definite, ui'oas oi. cmditit mn.. 

#.* • 1 1J1.. 


in limiting the effects 
cle, the method Avas d: 

’ cednre of Otto’« Avhb injected 95 per 


ierthe method Avas discontinued. The same c-ritici.sm hold.s for the pro 

. ^ - A. j _ 1 n fr 


tto'" AA'hO injccica au })cr cent alcohol into the m> oe.ii dinin. 
Heat and cold Aveve applied to varion.s parts of the heart by h.iApmger 

... ...... \ . .1 .1 .rl /^1^ 4l^ri 


and Rothberger-^ and Smith.® They .sprayed ethyl chloride on the ein 
cardial surface of the heart. Smith also applying small pledgets of cot- 
ton, some of Avhich had been .soaked in Avator ot 120° F. and othcr.s in 
ice Avater. But the objection to these procedures is that only a tlceting 
elfect Avas produced, and since subsequent histological examination re- 
A'caled no marked change in the region Avhich had been subjected to the 
heat or cold, it Avas likcAvise difficult, to make any definite loealixatiou. 

The adA'antage of the method used in this Avork is that lesions .similar 
in location and other respects can be rejiroduced in a scries of e.xjiori- 
nieiits. This docs not ajiply to the procedure of ligating coronary vc.s'- 
sels, for the blood supply to the A’cnlricles A-arics, Avith. the result that 
tying off the corresponding a-cssoI in ditVerent hearts will not necessarily 
cause infarction of precisely similar regions in eacli ea.se. AVith tlic 
cauterization inetliod there is no fear of constiintional cITects as is pres- 
ent in the ease of injection of caustics. The Ic.sion produced is ^lerma- 
nent and definitely demarcated from the surrounding tissue, in contra- 
distinction to that resulting from the application of heat and cold Avhich 
is transitory and difficult to recognize cither m’acrosco}ucnlly or micro- 
scopically. 

SamojlofEd® in his interpretation of direct lend carves obtained after 
pinching or cutting the apex of the fi-og'.s heart, inferred that the 
effect produced Avas a nianifc.s1ation of the injury current. In injured 
muscle, injured-uninjured lead-olY.s demonstrate a difficrence of ])olcn- 
tial, the injured part being “negative” to the uninjured. U])on .stimu- 
lation of the uninjured portion, the Avave of excitation spreading loAvard 
the injured end is expressed electrically as a decremenlal A’arialion of 
the already existing demarcation current. When injured-uninjured 
lead-offs are taken from the heart, the eleefrogram of WAch venlricnlar 
response is a monophasic ty])e of cui-a'c substantially similar to that re- 
sulting from excitation of a strip of locally injured nuisclo. 

Attracted by the striking resemblance, most author.s have, explained 
the so-called coronary type of R-T segment deviation in the electi-o- 
»art.ograin as a,v aapression o£ tlio mo„o„liasic action curront si.nilnr 

0 that demonstiated by leading directly from the injnred licatf. Varia. 
tiom tn the tom, amplitude and duration ot the waves in the indivoet, 
demafaon as compai-ed with the direct were related to II, o n.ethod of 

a>at ehmeal variations m the T-wave arc not to ho compared with 
monopliasie curves expcrinieiitally obtained from oxpo.scd !and parol 
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iujurecl hearts directly led off from injured and uninjured reo-ions re- 
spectively.’^ He considers that the alterations in the electrocardiogram 
resulting from local myocardial injury depend upon the failure of the 
injured region to contribute its normal component to the electrical field. 

Aside from the respective merits of the above views, the use of the 
term "'monophasic” in this paper requires further modification. 
Craib^® has shown that diphasic curves are obtained from injured mus- 
cle, cardiac as well as skeletal, if the tissue is surrounded by a large 
moist conductor. An initial brief positive deflection precedes the rela- 
tively prolonged negative variation. According to the doublet hypoth- 
esis, the electrical field in the fluids bathing the tissue is determinecl 
bj^ the simultaneous presence of an anode and a kathode at the tissue 
surface arising from a common electromotive source within the tissues, 
so oriented that during invasion the anode leads while during retreat 
the kathode leads. The initial positive deflection, therefore, is held to 
be due to the arrival of the anode under the uninjured lead-off. It is 
recognized that smooth monophasic curves are not easj^ to obtain from 
the mammalian heart even ndth direct leads. Drury and Brow-^ con- 
cluded that onlj^ an approximation could be obtained, and Katz-- dis- 
cussed the ditfleulties and revieAved the literature. However, the varia- 
tions in question are- limited to the initial deflections, and our problem 
is concerned A\dth the end deflections only. Therefore, despite the con- 
flicting views as to the origin of the changes follovdng injury, Ave have 
chosen to use as a descriptiAm term “monophasic type,” Avith Avhich so 
many readers are familiar, to designate the R-T segment deviations. 

Barnes and Whitten® in their inAmstigation endeavored to correlate 
the aiffery thrombosed, the area infareted and the electrocardiographic 
changes produced. They found in the aAmrage normal heart that the 
left coronary artery supplied “the entire anterior surface of the left 
Amntriele, the adjacent third of the anterior surface of the right Amn- 
triele, the apex of both ventricles, all of the interAmntricular septum at 
the apex, the anterior two-thirds of the septum aboAm that point, and 
the left half of the posterior surface of the left Amntricle. ’ ’ The remain- 
der of the heart Avas supplied by the right coronary artery. They studied 
forty-seven eases and found in tAventy-one of these in Avhich the electro- 
cardiograms Avere of the Ti type, that the infarction occurred in the 
anterior and apical portions of the left Amutricle in the region supplied 
as a rule by the left coronary artery. In six cases in Avhich T3 type 
had been present the infarction Avas in the posterior part of the left 
A’-entricle in the region usually supplied by the right coronary artei\T. 
Four cases shoAved a change, AAdiile under obserAmtion, from one tjqie to 
the other. It was found on autopsy in these that two infarcts were pres- 
ent and that the above rule obtained, i. e., if the older infarct Avere in 
the anterior part of the left ventricle Ti tjqpe Avould be present orig- 
inally while the more recent infarct in the posterior part of the left ven- 
tricle caused a shift to the T3 type and vice versa. In the only instance 


CRAWFORD, ET AE. : EXFERIMENTATj 


VEXTUICULAR MYOCARDIAL LESIOKS 6<iT 

in wWcl. imiltiplo lesions ca.-ri«l ont in onr e^cpcrimonla (Cat 1) 
in nnicn i Tlic left RPex iinterior Mas 

we were able to corroborate this biKlnig. liic i 

cauterized and a typical Tt tracing was obtained. Aitei a time c 
eleetrocardiograiii returned to normal and then a Ic^sion 
at the left apex posterior wliieb cansed a typical ! . enrve to appeal 
(Fi". 7 A and B). In only one of Barnes and Wliilten .s case.s nboio a 
Ts type was obtained was the infarction found to be in tbc anterior por- 
tion of the left ventricle. In four tbc type of change in the tracing.s 
could not be determined while in .seven alterations in the conduction 
system had been induced which ob.scured the picture. They eonelnded 
that “Infarction limited to the anterior portion of the left ventricle, 
either alone or combined with infarction of the apex', or infarction of 
the apex alone, produces modification of the B-T segment ot tyjic !j, 
whereas infarction of the po.sterior portion of the left ventiicle, Mith 
or irithout infarction of the apex', produces modification of the R-T 
segment of type Ta.” They believe that as far ns the electrical forces 
which effect the R-T segment arc concerned the left ventricle can be 
divided into an anterior two-thirds iiiclnding the apex and a posterior 
third. Parkinson and Bedford had found that infarction of the right 
ventricle was rare, a fact which was corroborated by Barnes and "Whit- 
ten. Bell and Pardee-^ de.scribod five case.s of their own and seven wliicli 
Levine*'* had reported and found that the tracings and autop.sy results 
corresponded in the same inaiiiier as those of Barnes and Whitten. A 
case has been de.scribed by Bates and Talley-'' and another by Purlcs*'* 
in which stab wounds of the chc.st cut tlic left anterior descending 
artery, and in both of tlicse Tj type of electrocardiogram resulted. Gil- 
christ and Ritchie*' in an analysis of their records confirmed the find- 
ings of Parkinson and Bedford. However, tliey were unable to sub- 
stantiate the views of Barnes and Wliitten in a comparison of elect ro- 
cai’diograms and antop.sy repoi’ts in one case of tlioir own and in cases 
previously published by other authors. 

When one attempts to correlate the R-T deviations witli the site of 
mjmeardial damage, produced either by coronary occlusion or local in- 
jury, the earlier experimental work is inapplicable to the problem in 
that no electrocardiograms were taken. Likewise, the worlc of Samojlofi:*** 
and Eppinger and Rothberger*® can not be considered, as standard 
Rads were not used. On analyzing the earlier work of Smith'’ one finds 
inconsistency in the type of curve obtained after the ligation of corre- 

0 loiKle the mnlts cumot be applied only Lead II is iltastvated 
no dcscrtptwii o£ the olianges in individnal loads is given Ham 



638 


THE AMERICAN HEART JOURNAL, 


au K T ft„ion in Leads I, II and III, or in 11 and III, wMe inconstant 
R-T fusion resulted from tlie ligation of tlie left anterior descending 
brancli. He considered that the former supplied the left part of the 
posterior siu’face of the left ventricle. However, it is difficult from the 
description to localize the probable area of damage. He states that 
ligating the right coronary artery causes S-T depression and fusion. 
Peil and his coworkers^^ carried out an extensive investigation on dogs 
which was largely eoneemed Mith the problem under discussion. They 
ligated the left anterior descending artery from which the vein had been 
separated and found that no characteristic R-T deviation resulted. How- 
ever, if the blood supplj^ to the heart were further impaired by tem- 
porarily ligating the inferior vena cava definite changes appeared. The 
explanation of Peil that the tjTiical changes are dependent upon a con- 
siderable degree of cardiac anoxemia seems to be well founded. It is 
probable that in the production of our lesions, handling the heart caused 
general cardiac anoxemia. Peil and his co-workers were unable to sub- 
stantiate the views of Barnes and Whitten. Although the changes in 
Lead I showed fair agreement with their thesis, considerable disparity 
in Leads 11 and III was present. However, Barnes and Mann,'' in a 
later investigation, reported that ligation of tlie branches of the left 
coronary artery in the dog resulted in changes in the RS-T segment of 
the electrocardiogram which are closely similar to those i?rodueed in 
man following obstruction of the anterior descending branch of the left 
coronary artery, and leading to acute infarction in the anterior and 
apical portion of the left ventricle. Likewise, the changes of the RS-T 
segment produced by ligation of branches of the right coronar}’- artery 
are closely similar to those of occlusion of the right coronary artery in 
.man, and resulting in infarction in the posterior basal portion of the left 
ventricle. 

In all onr results a monophasie type of curve was obtained except at 
the right base anterior. In the great majority of instances the curves 
could be definitely classified as Ti or Tg tj'pe. The changes in Lead II 
resembled those of Lead I in the Ti type and those of Lead III in the 
Tg type. In two instances an elevation of the R-T interval was seen in 
all leads, but it joredominated in Lead III, so that the t 3 ’-pe could be 
definitely classified. However, in another the changes appeared to be 
of equal magnitude in the three leads and it could not be classified. In 
three expei’iments, instead of an elevation of the R-T segment the only 
alteration noted was a depression. The lesions -which induced this were 
at the base of the heart on the anterior surface; two at the left base 
and one at the right. Of those at the left base one caused a slight de- 
pression in Leads I and II, the other in Leads II and III. That at the 
right base produced a slight depression in Lead II. In some instances 
in Ti tjTpes the classical picture of a depression in^ Lead III was ob- 
tained, and similarlj^ in Lead I in the Tg tjiie, but this -was not the lule. 
Parkinson and Bedford found in many of their cases that the typical 
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chanoes were not present in all three leads, and did not regard the de- 
pression in either Lead I or JIT a requisite lor classihealion ■ 

When one considers the effect on the elect roeardio-rani ot the loc.it, on 
of the lesions, one notes a remarkable degree of constancy^ On the 
anterior surface of the left ventricle, both apex and base, a T, ty]m ot 
curve was obtained, except in one iustauee where eauten/.ation ol the 
apex produced a Ts type, and in two others where lesions at the base 
caused a pure depression of the K-T segment in two leads. In one of 
the latter this depression was present in Leads 1 and TI and in the other 
in Leads II and HI. These curves have not been ela.ssified. On the 
posterior surface of the left ventricle, both a]iex and base, tjpie.il T a 
curves Avere obtained in every case. It is ol some interest to speculate 
as to the cause of the relative consistency of our results and the incon- 
sistency of those of other workers in their ligation ex]ieriments. As 
has been pointed out, by our method one can produce ivith considi'rable 
degree of accuracy a lesion of approximately the same size, in aiijiroxi- 
luately similar sites in repeated experiments, whereas by ligating a ves- 
sel the position and size of the lesion must be modified necessarily by 
the A'ariations of the blood supply in the individual animals. The site 
of the lesion produced is of undoubted importance, but the amount of 
tissue iiiA’olved has also to be considered. The part of the injured area 
Avliich at a particular moment is producing the maximal influence on 
the electrical forces causing the R-T .segment might, in a large lesion, 
vary greatly. When one considers that the loft anterior descending 
branch supplies a variable part of the .septum and also sometimes gives 
branches to the left ]iart of the posterior surface, it is ])ossible that fol- 
loving thrombosis, the portion of the infarct producing the greatest 
electrical effects might be toward the posterior surface of the heart. 
This could cause an entirely different picture from that induced by 
activity toAvards the anterior .surface. It .seems unlikely fliat in all jiarts 
of the damaged area an equal degree of change is taking jilace at the 
same time. 

The changes produced in the right ventricle gave equally denuite re- 
sults. A tAqAical T3 type of cui’A’c aa-rs obtained from all sites except 
the anterior base. On cauterization of the latter site there Avas no varia- 
tion from the normal, except in one instance— a slight, dcpre.ssion in 
Lead II. Only at the apex posterior, hoAA-ever, Avere the changes of the 
same magnitude as had been found Avhen the left ventricle was cauter- 
ized. As noted before, previous observers found greater difficult v in 
0 mining electrocardiographic effects in lesions of the right ventricle 

and »''» iiclv.a,iml b.v Bamos 

. iitten fiom tlicu- chnical studies except in one pai-licnlai', namely 

at lee obtained T, type ol cni-ves {roiii tlie left apex postevior The 

ogioii can emed ivas iiiidoilb.edly in the area ivhieli tlley eonsidei to 

e supplied by the left eoroiiarv arteiT. AWietbov rUc. 
due to a different distribution of the blood sup]ily in the catTrom\lm 
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liumaii, one cannot state at, present bnt studies are in progress to deter- 
inine tlie relation of the blood supply to the lesions described. However, 
it appears most probable, as both Parkinson and Bedford and Barnes 
and Whitten suggested, that it is the geographical distribution of the 
lesion rather than any particular blood supply that determines the elec- 
trocardiographic changes. 

SUMMARY 

Electrocardiographic changes were studied in relation to the site of 
damage in thirts'-four eats in which localized ventricular myocardial 
lesions had been produced by the electric cautery. Monophasie type 
curves were obtained which were classified as of the Ti and T3 types of 
Parkinson and Bedford. With almost complete consistency lesions in 
similar sites produced the same tj^ie of curve. Lesions on the anterior 
surface of the left ventricle produced curves of the Ti type, while those 
on the posterior surface of the left ventricle, including the apex, yielded 
the T.s tj’-pe. All right A'^entrieular sites, except the base anterior in 
which onlj’- a slight change was induced, gave curves of the T3 type. At 
the apex posterior alone Avere the changes comjDarable in magnitude Avith 
those obtained in the left A'^entricle. Usually the changes produced AA’ere 
marked in tAvo leads. In some the displacement of the R-T segment Avas 
oppositely directed in the remaining lead, AA'hile in others no significant 
deviation AA^as observed in this lead. In a feAv instances an R-T eleA'a- 
tion was present in all three leads but as a rule to a greater extent in 
one lead. In three experiments, in each of Avhich the lesion Avas located 
at the base anterior, depression rather than elcAmtion of the R-T segment 
occurred. 
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COARCTATION OF THE AORTA (ADULT TYPE). 
A REPORT OP THREE CASES* 


Henuy L. Ulrich, j\I.D. 

Min XEAPOLTS, ]\llNN . 


'T^HREE cases of the adult type of coarctation arc reported. Imo 
Jl are new additions to the liternlnre. One has been mentioned pre- 
viously (Dlaclcford-). The latter ease is added because of some find- 
ings not mentioned in his report. 

The historv and pathogenesis of coarctation have been so ablj re- 
viewed in the literature (Abbott,^ Blackford^) that these features are 
omitted in this report. 

One point which may have a bearing on pathogenesis, particularly for 
those Avho still think the condition is of postnatal origin, T wish to men- 
tion. Dally* in discussing the descent of the diajihragm at birth claims 
that this descent (contraction) changes the direction of the currents of 
blood between the auricles and in the ductus arteriosus. He refers to 
Keith® who states: “MTien the right crus contracts at birth, with the 
first inspiration, it draws the pulmonary arteries and the fixed margin 
of the vestibule of the left auricle with it, but the aoi'ta is fixed other- 
wise and scarcely yields. Hence a decided traction is exercised on the 
ductus arteriosus, enough I believe to stop the flow of blood from the 
pulmonaiy arteiy to the aorta and turn it into the lung, which at the 

same time is expanding Thus the. contraetiou of the right 

cims, while helping to expand the lung, also closes the foramen ovale and 
ductus arteriosus. ’ ’ 

That this pull exerted at a distance may he one of the .iumble of 
forces acting on the ductus is merely stated. Its influence on coarcta- 
tion is of course purely speculative. Those who have seen a ca.se of 
coarctation at the postmortem table can hardly fail to have received the 
impression that the real cause of coarctation lies in the anomalous re- 


distribution of the primith-e arches which go to make up that area of 
the definitive arch. 


The clinical diagnostic criteria for coarctation (adult type) are: 
(Oppholzer [1848]®) (1) differences in pulse volume (palpable) between 
radial and femoral arteries; absence or minimal pulsation of the 
abdominal aorta; (2) evidence of arterial collateral circulation on chest 
and abdomen; (3) aberrant sy.stolie noi.ses on chest (Lauhry [1026]") ; 
(4) difference in pulse and sj^stolie pressure between arm and leg, the 

(RRilsback'aud 

U929] ) ; (5) x-ray evidence of erosion (scalloping) of the ribs. 


Meaicine, UniversUy^of Minn® Department ot 
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CASE REPORTS 

Case 1. C. S., aged thirty-two years, male, entered the hospital December 31 
1.028, discharged January 16, 1929. The patient was sent in for thyroidectomy’ 
Two basal metabolic rates taken at intervals— the latter, one week before admission-! 
were plus 42. 

Present Illness: Onset six years ago — dizziness, shortness of breath, palpitation. 
Hj-pertension noted six years ago. He tolerates heat well but suffers from the cold. 
There has been puiiiness of the face and hands. During the last three months he 
has taken LugoPs solution, minims 10, three times d.aily. The patient was referred 
to surgery because of the request of his physician, and because he had a thrill over 
the enlarged thyroid, tremor of the fingers on extension of the hands and a history 
of increased basal rate readings. A hj'pertension, recorded as 210/134 mm., was 
noted, and there was also an enlarged heart with a systolic murmur at the ape.x 
which was not transmitted. 

The family history is unimportant except perhaps for the fact that the mother 
died of apoplexy (age not stated). The patient is married. His wife and children 
are well. He has diseased tonsils and cervical adenopathy, also pansinusitis (x-ray). 

“When seen by Dr. Karl Anderson of the niedical staff it was noted that there 
was a “mass” under the sternum, a to-and-fro extracardiac murmur heard in the 
back at the angle of the scapula, also several pulsating vessels in the back. The 
diagnosis was at the time "hypertension,” "mass in upper part of the thorax.” 
"hyperthyroidism, questionable.” "Operation should be deferred for more accurate 
study and to obtain a better understanding of extracardiac murmurs.” On com- 
paring the radial pulsation idth the abdominal and femoral pulsations a striking 
difference was noted. Further observation of this man revealed, besides the marked 
pulsation of the arteries of the neck, the visible pulsation of vessels in the back 
along the vertebral border of the scapula and palpable vessels which pulsated along 
the intercostal spaces. When this patient became quieter, no cardiac murmurs were 
audible. A systolic bruit in the neck vessels was heard and there was a postsystolic 
murmur in both interseapular areas at the level of the second and third thoracic 
vertebrae. Deformity of the spine (scoliosis) was noted. The mass under the 
sternum was interpreted as an enlarged vessel off the arch, because retrosternal 
dullness varied under rest. 


Eye grounds — arteriosclerosis, tortuosity of \ 

'essels. Kidney function non 

Blood and urine normal. 

Basal metabolic rate on 

Janu.ary 5, plus 4. 

Electrocar 

gram, January 8, 1929— 

-normal complexes, T in 

Lead I flat. 


Blood pressure readings in arms and legs: 





Left 

Bight 


r Arm 

186/108 

194/112 

March 3, 1929 

1 Leg 

124/118 

114/ ? 


r Arm 

190/12'0 

188/120 

April 14, 1929 

I Leg 

120/110 

120/110 


r Arm 

168/102 

170/102 

May 24, 1929 

1 Leg 

130/120 

120/92 


r Arm 

208/120 

198/126 

January 26, 1930 

\ Leg 

140/120 

140/118 


r Arm 

220/11,5 

210/115 

Alay IS, 1930 

L Leg 

140/12.5 

140/120 


Physical findings on January 26, 1930, about one jmar after discharge from the 
hospital: Congestion of face and slight cyanosis. Pupils equal, react to light 

and accommodation. Some visible pulsation of vessels of the neck. Some venous 
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dilatation, 
cardiac culargeineiit 


eliiiracferistic, 
cannot be ruled 


Some asymmetry of thorax-left, bulge.s slightly, moyoa freely. _ Some 
■ Abdomen is normal. Extremities of good color, yeins nic 

,nite numerous and yisible. Percussion of thorax-clear, 
found Patient feels well. Has no roaring in Ins ears, no lu-idachLS. g. 
iTeu he goes upstairs. Arm and log pressures noted in tabic of pre.ssures. 

The patient had been ivorking steadily for one year at fairly h.ard labo, m a 

'“1-^rE.port (Br. Blgl«.,),,T.,m,ar,v li, 192!., A,1 6!>90, Cl.o.t ami Sph..-: 
Flaoros'copic .-.ml fil... anmiaalion »f tl.a llaaax was ma,l». rl.cvc m a 
shadow in the superior mediastinum which pulsates slightly. Ihis nmy 

be due to a substernal thyroid, but its apjiearjince is not 

and the possibility of its being due to dilated vessels 
out. The heart appears to be within norma! limits in size, shape and position, 
but there is a marked distortion of the spine which cause.s the heart to protrude 

to the left side. Only the arch and aseeiidiiig aorta can be fairly visualized. The 

descending aorta was not well visualized. Plates of the s])ine reveal multiiile 

deformities, the third and fourth dorsal vertebrae being used together, and the 

seventh and eighth being very much deformed. Its appearance is characteristic 
of a congenital lesion, and suggests intercahition. A further study of the spine is 
advisable. There is a marked deformity of the ribs on the right side, secondary 
no doubt to the spinal deformity and some scoliosis. Erosion of the rilrs along 
their inferior margins is sliomi. This is churaetcristic of dilated jnilsating 
arteries. Conclusions: Congenital deformity of spine. I’ossiblc substernal thyroid. 
Possible dilated vessels of nock. Erosions of ribs soeomliiry to dilated intercostal 
vessels. 

January 2.0, 1930, Ac S04, Chest: Reexamination of the chest and heart with the 
barium filled esophagus was made. The findings are much the same as last reported. 
There is little or no distortion of the esophagus e.vccpt that it is displaced soine- 
Avhat to the right in the anterojrosterior view just below the areli of the aorta. The 
arrtn eouhl not be clearly visualized and suggests an atresia. I’he distinct erosion 
of the ribs previously reported is again shown and is due to pulsation of the tortu- 
ous intercostal vessels. The deformity of the spine previously reported is again 
shown. Conclusions: Multiple congeiiilai defonnitics of spine. Erosion of riVis 
secondary to tortuosities of interco.stal arteries. Distortion of esophagus seeond.ary 
to abnormality of aorta. Enlarged heart, left vcntiicular tyj)e. 

Comment: The x-ray report of erosion of tlie ribs in tliis man vvitii 
the correct iuterjiretation of its cause, iva.s made previoirs to our knowl- 
edge of the publication of Railsback and Dock 's'* article. It was decided 
at the time of the observation to ivait for verification of this finding 
in other eases before calling attention to it. This ^Yas neatly done by 
Railsback and Dock. Tlie syndrome of liypertbyroidism in this ease 
and its appearance in eases of coarctation are disemssod subsetpieutly. 

Case 2.— Miss S., aged twenty-one years, patient of Dr. M. W. Alberts St Paul * 
The patient seen in January, 1930. She is a yonng woman in appai-ontlv good 
h Mth attenmng the nmversity. She gives a history of having had symptmns of 

esum urns performed without 

the patient s nervous symptoms but did not relieve her hypertension whiel. had 
^ee^esent throughout this period. It was then noted and there was a marked 

*1 , 9.gfiin take occasion to thank Tjr tvt 'vkt l 

tins case as clinical material and for the •oppoTtmfi't’T’to ^ovl 
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difference in pulsation of the brachial and femoral arteries. The diagnosis of 
coarctation was made. Since her operation four years ago she has been slightly 
restricted in her aetiidties. ‘ 

Physical Examination: The patient is a -well-nourished, -n’ell-developed young 
^yoman. There is a full thjToid; the vessels pulsate in the neck but there is no 
till ill. The heart is not enlarged. All over the chest a systolic bruit is heard. 
Besides this, cardiac sounds are ivell heard all over the chest. Along the sternum, 
on the right a systolic murmur is heard '\vhieh can be traced far do-wn the abdomen 
to the level of the umbilicus. A similar murmur is heard on the other side of 
the abdominal -wall. Along the right axillary area this systolic murmur is pro- 
nounced. In the back, pulsation of intereostals can be made out on palpation 
from midscapular area to as lo-w as the ninth interspace on both sides. A systolic 
bruit is heard along the inner margin of the scapula on both sides. The charac- 
teristic interscapular s3-stolic noise is not so obvious as in Case 1. There is absence 
of palpable pulsation in the abdominal aorta and very feeble pulsation of the 
femorals. 

Eye grounds, beginning arteriosclerosis, tortuositj' of the vessels. Blood pressure 
readings : 


January’, 1930 
In Maj', 1930 



Left 

Sight 

Arm 

190/100 

200/110 

Leg 

130/110 difficult 

130/110 

Arm 

170/90 

170/90 

Leg 

12S/100 

120/95 


X-ray Report: Februaij- 3, 1930, Ae 1023, Chest and Esophagograiu (Dr. Eig- 
ler) ; The heart shows onl}' a very slight enlaj-gement, chiefly in the left ventricle. 
The aorta shows ^ some slight dilatation of the ascending portion, but the arch is 
small and the descending portion can be very poorlj’ visualized. It can, however, 
be made out. A definite area of constriction in the aorta cannot be clearlj' visual- 
ized. There is no particular distortion of the esophagus. A definite erosion on 
the inferior surfaces of the ribs on both sides extending do-wn to the eighth rib 
posteriorly is clearlj' made out. This is characteristic of the tj'pe of erosion which 
is clearlj' made out. This is characteristic of the tj'pe of erosion which is due to 
tortuosities of the intercostal arteries. There is a shadow in the superior medi- 
astinum verj' ill-defined but suggesting enlarged dilated vessels. Conclusions: Slight 
cardiac enlargement, left ventricular type. Erosion of ribs from pressure of ves- 
sels; coarctation of aorta (clinical). 

Comment : Blackford- reported this case, -\ve assume as No. 7. Since 
he gave no ditferential blood pressure readings nor mentioned the erosion 
of the ribs, we have incorporated this data. This is the second case 
which has come to our notice itresenting at some time in the history 
evidence of a hyperthyroid complex. The possible explanation for this 
-inll be given in the discussion. 

Case 3. — 0. J., aged twenty-three years, admitted March 6, 1930. 

Present Illness: The patient felt very well until February, 1929, when he 
developed an inguinal hernia on the right side. This did not trouble him verj 
much so he did light work. The hernia increased during the summer of 1929. 
He worked in the harvest fields in the fall of 1929. He felt verj' well when Ijing 
on his back and the hernia was reduced. Swelling of the abdomen began in 
Februarj', 1929. It was gradual and painless. No jaundice was noticed at the 
time. There was no edema of the ankles, no dyspnea, no cyanosis. He was con- 
fined to bed for one month before admission. 
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Pnsf TTistovv: Ilis -nrcvious 


hcnlOi liad been good App.'irently lu; 1i;u1 :i iionn.'il 

(jvor was short of 



Xo dyspnea was noticed until six weehs Vicf 

i-licnmatism. The family history is nepative. _ 

Phvsical Examination; On admission there was sliphl dyspnea, and lie nas • 
to lie^flat in bed without discomfort. Sclera icteric; slight- acrocyanosis, ihovax: 
Lungs clear; marked enlargement of the heart to the right ami left: .shai.e of 
the "heart probably altered by intra-abdominal pressure. A rough systolic thrill 
was felt at the apex. At the base there was a rough diastolic murmur (>ceupying 
the whole of diastole evident in the pulmonic area. Xo other murmur.s were noticed. 
Pulse 41 to 56; occasional extrasystoles. Blood pressure lo-l/Ot) mm. Abdomen: 
yiavked ascites; liver down to umbilical level. Liver si'ems firm, not tender. Sjileen 
not felt. Bight inguinal hernia with fluid, easily rcdncible. Extremities; Bcllexes 
diminished. Sliglit edema of flic legs. Slight cyanosis; radials sclerotic. Xo 

clubbing of fingers present. 

Paracentesis on ^March 7, 1930: Liver now made out a.s cnl.'trged, with round 
liard edge; surface feels granular. Spleen palpable .and b.ard. Jvungs cle.ar. 
Heart: Murmurs have changed; now a rough systolic murmur was heard over 
the base. Pulsation was made out on I'esscls of the baek ]i;irf iciil.arly .along the 
vertebral borders and in tlie intercost.al sp:ices. I’ulsatioii of the :ibdomtnal .aort.a 
was not found. Pulsation of the fcinorals wa.s very f.aint. The ascites wa.s <atn- 
trolled by iiovnsiir;il and ammonium chloride. On March CP the patient was up 
and about. Xo edema of the legs. On sitting up, there was systolic relr.action at 
the apex. On palpation .a sliorl rough thrill was felt at fhe-aju'X. 

Paracentesis on April 30, 1930; AInrmurs .at base have disaiipeared. Posteriorly 
the murmurs persist “postsystolic in time.” Tlie jmint of greatest intensity of 
this murmur is at the level of the tliird thoracic .spine hut e:m he heard a.s far 
doivn as the seventh spine in both iut rascapulnr spaces. The pulsation of the neck 
vessels was very forceful but did not have the celerity felt in the other e.ase.s 
of coarctation wc have seen. In f.act, at times (he r.adial pulse suggests aortic 
stenosis. There was a systolic retraction in the lower intercost.al .sjmees on the 
left, in the axillary line. Conjunetivao were sliglifly yellow. 

Eye Grounds: ”0. D. vessels, particularly the smaller arteries and veins, verv 
tortuous; some change in vessel walls, particularly arteries. 0. S. .similar to 0. ll. 
Tortuosity of small ve.ssels marked. ” (Dr. Lane.) 

Laboratory: Blood normal. Icterus index Marcb ]], 19.30; .12. Icterus index 
May 7, 1930: 20. Urine; Urobilin, P. S. P. SO ],er cent-’ two hours. Eloelrocardio- 
gram March 11, 1930: Bradycardia, left bundle-hranch block 
Blood rtoBoovo roogod 

I" Sept, -ml, or, 1930 , retoliogo o-ere i,. 


his legs. 


J Arm 
I deg 


Left 

140/78 

104/90 


Jlipht 

140/S2 

104/90 


of the conus pulmomalis and eonsidcrablc enlargement of the' k>ft^v”\ ^ 
soi’ta» IS vevy poorly visinliyod n • 'x, ^ ^0ilirlcle, Tho 

(leseending portion it is very (lifiicult't ^ noeeinliug portion, Init, even in tile 

puinionory elg.otion T d^lo 

etosion ot ti.e inte,i„.. poat.Hl 't;,,e,t;:to? 
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coarctation of the aorta and due to the enlarged intercostal vessels causing pressure 
on the ribs. The esophagus shows a definite posterior displacement due to enlarae- 
luent of the left auricle. Otherwise there is little or no evidence of change. 

After evacuation of the fluid from the abdomen, the diaphragm has come down 
somewhat, and the heart does not appear quite so enlarged but is still massive, and 
the pulmonary congestion is still verj' prominent. The findings in the ribs are 
again shown, and the mai'ked enlargement of the left auricle is definitely shoivii. 
The whole appearance suggests a coarctation of the aorta with some other lesion 
in addition, the appearance suggesting most strongly a marked degree of mitral 
disease in addition to the aortic disease. There is a marked enlargmeut of the 
left ventricle also. 

Operations; May 14, 1930. Talma-Mcrison operation under spinal anesthesia. 
Piece of the liver examined microscopically. Report of frozen section; cirrhosis 
of the liver (Bell). (There was a slight infection of the bronchi following this 
operation; temperature 102°; leueocj’tes l.'5,500.) No pulsation on direct palpation 
of the aorta reported by the surgeon (Wangensteen) at the time of the operation. 

June 13 to.- 18, tapping of hydrocele. 

Discharged June 24, 1930 ; patient up and about. 

Reentered hospital November 4, 1930. Died November 7, 1930. 

After the Talma-Morison operation there was relief of ascites for a brief period. 
The patient was up and about. The abdomen was tapped at intervals of two and 
three weeks after leaving the hospital in June. On October 25, 1930, the patient 
had an attack of weakness, he was conscious of his heart (“pounding fast”) and 
some pi’ecordial pain. The attack lasted eight minutes. He has had similar 
attacks since. These attacks never last more than ten minutes. After each attack 
the patient feels weak temporarily. Between attacks he does not “know he has a 
heart.” His general health, appetite, sleep, and bowels were normal. 

His physical examination on November 4, 1930, revealed no new’ data. When 
seen in one of his attacks his heart -was very rapid and irregular. There was 
dyspnea, cyanosis aud sw’eating. Venesection w’as done in his fatal attack. Two 
niinutes after venesection the patient gasped suddenly, vomited, aud his respiration 
became spasmodic. The heart stopped before respiration. Electrocardiogram some 
five hours earlier had showui tachycardia, rate 200, possibly nodal in origin. 

Necropsy (Dr. O’Brien.) — 0. J., A 31-1662. The body is that of a young white 
male, 175 cm. in lengtli, w'eighing approximately 165 pounds. Nutrition and de- 
velopment are good. No edema or jaundice. The abdomen is distended. The veins 
over the anterior and lateral chest w’all and abdomen are prominent. 

The peritoneal cavity is filled with 6000 c.e, of clear straw colored fluid. The 
liver is firm and extends well below’ the costal margin. 

The pleural cavities are free of adhesions and effusion. The pericardial sac 
contains approximately 100 c.c. of clear straw colored fluid. 

The heart show’s generalized enlargement. It wreighs 870 grams. It is 20 cm. in 
w’idth, the thoracic w'idth at this level being 27 cm. All chambers are enlarged, 
especially on the right. The left ventricular w’alls vary from 1.5 to 3 cm. The 
right varies from 1.0 to 2.0 cm. in thickness. The auricular w’alls are thickenkl 
and distended. The mural endocardium is smooth and shows no thrombosis. The 
valve edges are free and leaflets are thin. The interauricular and interventricular 
septa are intact. The coronary arteries show' slight internal atheromatous deposits, 
but no interference with the lumina. There are diffuse yellow’ish deposits in the 
pulmonary artery, root of the aorta, base of the aortic valve and the aortic 
leaflet of the mitral valve. The muscle is slightly cloudy but shows no evidence 
of fibrosis. 

The aortic arch rapidly tapers down to a moderate constriction proximal to the 
left subclavian artery. There is a more marked constriction near the junction 
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Ductus arteriosus 



Fiff. 1. — Viou’ed from above and sliRlitly to tlic left, tills drjnvlnt? Is an e.\eel- 
leiit proportionate outline of the heart and vessels. 'J'he arch Is soinewluit dis- 
placed to the left due to fixation. The descending aorta Is also distorted hy the 
removal of the .specimen from the body and hy (Ixatlon. The narrowinK- beyond 
the left subclavian is marked hut does not pive an adonuate idea of the e.xtent 
of the atresia because the vessels liave not been opened. (See report of tlie 
pathologist.) 



Fig. 2.- 


""SdinT aonr(f‘S?'lil^fi\’i?'Vea?^i?BTs’"in Fig?‘l')“’^Ai n'oled. 


and 
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of tlie arch mth the descending portion. The ductus arteriosus is patent and 
connected ivith aorta, at tlie site of the marked constriction. A probe is passed 
through the ductus arteriosus and passes readily into the descending aorta. It is 
practically impossible to pass a very fine probe through the distal stricture of the 
aorta. The descending aorta is smaller than normal.’ There is a dilatation of the 
pro.ximal portion of the descending aorta for a distance of 5 cm. Beyond this 
it is uniformly narrowed, averaging 1 cm. in diameter. The common iliac vessels 
are smaller than normal but show no other abnormalities. The left carotid is 
normal in size. The left subclavian arterj' is dilated and thickened. The innominate 
artery is distended and has a thin wall. All of the intercostal vessels are markedly 
dilated, thickened and tortuous. The change is most marked in the first intercostal 
vessel on the left side. This vessel is approximately the same size as the right 
carotid artery. Both subclavian arteries are marked dilated. The internal mam- 
mary ai’teries are dilated and tortuous. The axillary arteries are apparently 
normal in size. The pulmonary artery and conus are markedly dilated. The two 
pulmonary arteries arise from the posterior superior portion of the distended 
trunk. The pulmonary vessels show no dilatation nor sclerosis. 

The spleen weighs 500 grams and is definitely enlarged. The surface is covered 
•with a diffuse hyaline change. Multiple adhesions between the spleen and stomach 
and abdominal waU are present. On cut section marked chronic passive congestion 
is found. 

' The liver weighs 2,725 grams. Slight hyaline perihepatitis is present, and the 
surface is roughened due to the liberation of adhesions. The organ is firmer than 
normal. On cut section marked darkening of the centers of the lobules is seen. 
There is increased resistance probably due to fibrous tissue deposits. Slight fatty 
metamorphosis is present throughout. 

The right kidney weighs 230 grams and the left 250 grams. The capsules strip 
without difficulty, and tlie presenting surface is dark red and hemorrhagic in 
appearance. There is faint fine pitting over the surface. Section shows the cortices 
of faiidy uniform ividth. 

Microscopic Examination; Sections of the heart muscle are normal. No evidence 
of puhnonarj' arteriosclerosis is seen. Tlie spleen shows marked chronic passive 
congestion. The liver presents marked congestion and atrophy of the cords in 
the liver lobule, especially in the central portion. There is a moderate increase 
in the portal connective tissue and lymphocytes, presenting the picture of a moderate 
portal cirrhosis. The kidneys are carefully studied from the standpoint of possible 
arteriolar sclerosis but none is found. 

Diagnosis; (1) Coarctation of the aorta. (2) Patent ductus arteriosus. 
(3) Marked dilatation of the subclavian, carotid, innominate, internal mammary, 
intercostal and pulmonary arteries. (4) Marked narrowing of the descending 
aorta and common iliac arteries. (5) Cardiac hypertrophy and dilatation. 
(6) Chronic passive congestion of all mscei'a. (7) Ascites. (8) Portal cirrhosis. (9) 
Vascular adhesions of the stomach, spleen, liver and peritoneal cavity (operation). 

ASSOCIATED ANOMALIES 

Case 1 liad a spinal deformit}^ in tlie thoracic area; the third and 
fourth ribs were pressed together and the seventh and eighth being 
much deformed having on the right an intercalated vertebra ivith an 
an extra rib. This tj^e of somatic deformity is new, using Maude 
Abbott’s® report as a criterion. 

The aorta in Case 3 certainty suggests aplasia, although the patholo- 
gist does not stress this point. 



ULRICH: COARCTATIOH OF THK AORTA 


G49 


DISCUSSION 

While the climeal evitevia are suffieic.it to make a diagnosis, hemi- 
plegia, Of svratoms ot hyperthyroidism tvitli jiicrcascd blood piessntc 
in the voimg should make one alert as to the possibilities ot eoarelalioii, 
Tivo of our three eases had evidence of hyperlliyroidisiii. Kotli Case 1 
and Case 2 had definitely increased metabolic rates. In Case ^ the 
patient had her thyroid operated on lAvicc before, she iva.s prononneed 
normal. Case 1 escaped surgical interference. Kest, witU assurance 
that his condition had been properly diagnosed, and (he withdrawal of 
Lugol’s solution reduced tlic patient’s metabolic rate to normal. 
Lorrigia" was the first to mention, and Rlaeld'ord" later noted. hyjHU-- 
thyroidism in connection with this defect. Is the overactivity of the 
tlm’oid due to the increased vascularity of the gland? There is an 
apparent increase of blood flow in the areas above the clavicles. The 
inferior tliyroid comes off the subclavian. The subclavian and its 
branches arc the usual arteries of collateral circulation. That increased 
blood supply may be a factor in the overactivity of the thyroid in these 
eases is a reasonable hypothesis. That it may be a factor in other cases 
reported with this defect is also a legitimate a.ssumption. If this is 
correct, then ligation of the inferior thyroid may he all that is neces- 
sary to relieve the hypertliyroid .S3’mptom.s i7i some of those eases. 

All three cases, aged respectiveh' nineteen, twent.v-two and tliir- 
ty-one years, had evidence of tortuosity and beginning arteriolar clianges 
in the retina. If, in e.ssential hypertension, arteriolar changes of tlje 
vessels in tlie retina are indicative of arteriolar elumges in the vessels 
leading to the glomeruli in the kidnej- (Bell), it would he of intcrc.st 
to examine the preglomerular ve.ssels in the.se cases as they come to the 
postmortem table. Our single postmortein examination showed no 
changes in the kidnc.y. 

Students of vascular pathology have an important and striking "set 
up” ill these coarctation eases to study the eifcct of work or temsion, 
plus wear and tear or pulse prc,s.snre in the npiier part of the body as 
compared with work or tension in the lower part. It. is to be noted that 
ill these three cases while the s^'stolie pressure in the arm is higlicr 
than in the leg, the diastolic is the same or even higher in the\g. 
In other words, there is hj’pertension in the lower extremities The 
obsm-vations of Bluingart et al.^« dill’er on this point. In one ease 
their readings given for the lower extremity show a lower diastolic 
pressure than normal. In their .second case no diastolic. readinn-.s in 
the leg are given. All of onr readings were made with a 20 cm ""cuff 
We fouad a lug], nomal diastolie (90 mg. o{ mercury) or above. Blum- 
^ait s aiteriolar pressures were normal in the legs. Is the ]ii<>b di-i^tobV. 
_ in the lower portion of the body a eo^pensa;:; 
to insuie adequate arteriolar pressure? 

Tbose interested in the pulse may 'lean, something for o„oinst 
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tlieir theories as to the factors in its mechanism. The pulse is a dis- 
tention of the wall of the vessel induced by the increased volume of 
blood propelled by the systolic force of the heart. In Case 3, during 
tlie operation for relief of his portal circulation, the surgeon had an 
opportunity to feel the aorta in the abdomen. He reported there Avas 
no pulsation. I knoAv of no other observation of its kind in coarctation. 
That this is a constant finding cannot be true. It Avas usually difficult 
to get the blood pressure readings in the legs in Case 3, but oeeasionally 
they AA'ere obtainable. If there AA'as a pulse pressure in the femorals 
at times, there must have been a pulse in the abdominal aorta at those 
times. The loss of pulse in Case 3 AA'as due to extreme atresia and 
the dissipation of the systolic Avave in the collaterals. That there Avas 
adequate supply of blood floAv must be conceded. Not one of these three 
eases had s^'^mptoms of AA'eakness( atrophy or loss of function in the 
legs. Blumgart et al. suggest from their blood gas studies a Ioav gas 
resei'A'e in the legs. 

All three eases shoAA'ed the characteristic erosion of the ribs described 
by Railsbaek and Dock.® This finding has been confirmed by others. 
The relation of age to the appeai’ance of this defect is pertinently dis- 
cussed by Fray.^^ If aa'c look on page 385 of The American Heart 
Journal, Vol. 3, 1927-28 (Hamilton and Abbott® “Coarctation of the 
Aorta”), the x-ray plate of the fourteen-year-old boy sIioaa's some of the 
characteristic ei'osious of the ribs. Realizing the fact that erosion is not 
an absolute pathognomonic sign, aa'C have studied the esophagogram 
and its relation to the arch, AA'ithout an}' definite results. We do not 
AA'holly agree Avith Fra}' that the main reliance ( roentgenologieally 
speaking) should be placed on the defect in the arch in the left oblique 

AUCAA'. 

SUMMARY 

Three cases of adult type of coarctation are reported. The post- 
mortem findings are giAmn in one case. 

Case 1 had a somatic anomaly, inAmhdng the thoracic vertebrae. This 
has not been repox’ted previousl}^ in the literature. 

The cirrhosis of the liver in Case 3 may have had a basis in the 
modified blood suiopiy. 

The diagnostic importance of x-ray CA'idences of erosion (scalloping) 
of the ribs is emphasized. 

The findings of increased basal metabolic rate in tAAm eases is men- 
tioned. A possible explanation is suggested for this increase. 

Attention is called to the “set up” Avhich these eases afford for the 
study of Amseular problems. The Avork (tension) in the vessels, plus 
increased pulse pressure in the head, neck and arms, as contrasted AA'ith 
AA'ork (tension) Avithout pulse pressure in the legs is stressed. In the 
patient aa-Iio died the arterioles of the eyes (clinical) and kidneys 
(anatomical) are compared. 



THE ACTION OF ADRENALIN ON PATIENTS WITH COM 
PLETB HEART-BLOCK AND STOKES-ADAMS 
SEIZURES 

A Comparison op the Effects op the Drug on Patients With 
Syncopal Attacks Due to Standstill op the Ventricles 
AND Those Due to Ventricular Fibrillation* 

Sidney P. Schwartz, M.D.,t and Abraham Jezer, M.D. 

New York, N. Y. 

'^HE purpose of this studj^ u'as to determine the effect of adrenalin 
* on the heart rate and rhjdhm of patients with aurieuloventricnlar 
dissociation subject to Stokes-Adanis seizures. It is now definitely 
established that recui’rent syncopal attacks in such patients may be the 
result of either ventricular slowing and standstilP or of the various 
grades of acceleration of the ventricles leading to ti-ansient ventricular 
fibrillation.^ While there are noAv some excellently controlled observa- 
tions on the action of adrenalin in patients with auriculoventricular dis- 
sociation and standstill of the ventricles, both preceding and during the 
presence of syncope, there are no comparable analyses of the cardiac 
mechanism following the use of the drug in patients subject to transient 
periods of ventricular fibrillation. This is of particular importance at 
the present time, since adrenalin is being prescribed indiscriminately in 
patients with Stokes-Adams seizures without any knowledge of the mech- 
anism responsible for the attacks. 

review op the experimental OBSERVxVTIONS 

111 studying the distribution of the nerves of the heart, Cullis and 
Tribe® noted an increase in the rate and force of contraction of both the 
auricles and ventricles in cats and in rabbits in which thej^ injected small 
doses of adrenalin before and after section of the auriculoventricular 
bundle. 

These findings ivere subsequently confirmed by Van Egmond/ who 
noted an increase per minute of 15 beats in the ventricular rate and 30 
beats in the auricular rate following the use of adrenalin in dogs with 
their vagi intact. 

In a dog 111111 a crushed auriculoventricular bundle, Routier® injected 
intravenously, 1/20 mg. of adrenalin and within twenty seconds observed 
an increase in both the auricular and the ventricular rates. Twenty 
seconds later there was a disappearance of the complete heart-block 
which lasted for twenty-five seconds. Routier was able to reproduce this 
experiment three times on the same animal and suggested the use of the 

*From the Medical Division of the Montefiore Hospital. 

tGoldschmidt Student. 
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druo- ill Imman heart-block becatise of its possible value in establishing 
normal rhythm and not because of its effect on the ventricular rate. 

In a similar experiment Harcloy and Honssay« failed to estabUsh nor- 
mal rhythm in a dog ivitli complete aiirieuloventricular dissociation vdth 
0 2 e.e. (1/5 mg.) of a 1: 1000 solution of adrenalin. They noted, how- 
ever, an acceleration of both the auricular and ventricular rates as well 
as the appearance of premature ventricular beats. 


REVIEW OF THE CLINICAL OBSERVATIONS 


The first observations on the eff’eets of adrenalin on patients with com- 
plete heart-block are those reported by Danielopolu and Danulescu." In 
a man fifty-seAmn years of age with aurieuloventricular dissociation and 
recurrent syncopal seizures, whose ventricular rate varied from 26 to 40 
beats per minute, the injection of 1 mg. of adrenalin resulted within 
three or four minutes in an increase of both the auricular and the ven- 
tricular rates as well as the onset of premature ventricular beats. In a 
subsequent communication the same authors claimed to have been able 
to abolish a partial heart-block by means of this drug.® 

Hardoy and Houssay® observed a similar acceleration of both the 
auricular and the ventricular rates one minute after the intravenous 
injection of 1 e.e. (1 mg.) of a 1: 1000 solution of adrenalin in a man 
fifty-five years of age, ivith aurieuloventricular dissociation and a regu- 
lar ventricular rate of 30 to 32 beats per minute. Five minutes later 
there was a return to normal of both the auricular and the ventricular 
beats, but the P-waves of the electrocardiograms were at times negative. 
They quote Arrilaga^* who observed the same phenomenon in several 
eases with aui’iculoventrieular dissociation. None of these authors men- 


tion that their patients were subject to Stokes-Adams seizures. 


Lutembaeher 's observations^” with polygraphic tracings are of greater 
interest. He injected 0.5 mg. of adrenalin in a patient with aurieuloven- 
trieular dissociation and a basic rate of 25 to 30 beats per minutes, and 
produced violent constriction of the chest wliich was followed by a “ven- 
tricular pause Avith syncope.” The face became pale and this Avas fol- 
lowed by intense cyanosis with distention of the veins ; then, after a short 
period of unconsciousness, there Avas a sudden increase in the ventricular 


rate to 84 beats per minute, Avhich became regular Avhen the patient re- 
gained consciousness. Seven minutes after, the heart beat at the rate 
of 40, but the patient still complained of severe preeordial constriction. 
Twenty nunutes later, the rate Avas still 40 and there Avas mental con- 
usion, but on the folloAving moiming the patient’s sensorium Avas clear 
and. the pulse Avas 18. A second intravenous injection to this patient of 
0 mg. of the drug, Avhen the basic auricular and ventricular rates Avere 
/o and 28, respectively, resulted in an immediate acceleration of the 
auiieles to 85 beats and the ventricles to 75. 
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In another similar case the intravenous nse of 0.1 mg. of the dru" 
was followed by premature beats of the ventricles, taehysystole and 
dually cessation of “ventricular activity.” Ten minutes after the in- 
jection both the auricular and the ventricular rates returned to normal. 
For eight days following this experiment the ventricular rate averaged 
16 beats per minute. 

In 1920 Strissowerti injected adrenalin in a patient with complete 
auriculoventricular dissociation and noted an increase in the ventricular 
rate with a temporary return to normal rhjdhm. One month later, when 
the patient showed a partial heart-block with a two-to-one rhythm, the 
drug abolislied the block, but only for a few seconds. 

Two years later, Phear and Parkinson^- studied a woman of forty-nine 
years with complete, heart-bloclv and frequently recurring s^mcopal 
seizures, in whom the subcutaneous injection of adrenalin was followed 
by complete cessation of the attacks within fifteen minutes. They sug- 
gested an extended trial of adrenalin in patients with Stokes-Adams 
seizures when the immediate loss of consciousness is normally due to ex- 
treme slowing and standstill of the ventricles, for these may be abolished 
by the increase in the ventricular rate due to the drug. 

A somewhat similar case was reported by FeiP® who noted cessation 
of syncopal attacks in a man fifty-six years of age ndth complete aurieu- 
loventricular dissociation, following the administration of 0.4 mg. of 
adrenalin. The attacks recurred twelve hours later and again twenty- 
four hours afterward, and on each occasion they were stopped by a 
similar injection. 

In a man, aged forty-four years, with a rapidly increasing heart- 
block which became complete after thirty hours, Parkinson and Bain'* 
used adrenalin on twelve separate occasions following the onset of Stokes- 
Adams seizures, and each time the drug abolished the attacks within 
three minutes. Freedom from attacks was maintained from two to 
forty-eight hours from the time of injection. On four occasions when 
partial block Avas present there Avas an increase of both the auricular 
and the Amntricular rates AA'ith restoration of normal rhythm. At one 
time there AA’as no increase in the Amntricular rate with the use of the 
drug AA'hen the block aa^s complete, Avhile at another time there was 
definite increase. 

In a AA'oman, fiftj'-six years of age, Korns and Christie’® injected intra- 
muscularly 0.7 mg. of epinephrin and produced an increase in the auric- 
ular and ventricular rates, a marked auricular arrhythmia and many 
premature ventricular beats as well as an increase in the auriculoven- 
tricular block AA'hen the block aa^s partial. 

In summarizing the clinical results to date, the evidence sIioavs that 
adrenalin in doses of from 0.3 mg. to 1 mg. Avhen administered subcu- 
taneously, intramuscularly or intraA^enously may accelerate both the 
auricular and the ventricular rates of patients Avith auriculoventricular 
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dissociation whether they are subject to Stokes-Adains seizures or not 
The increase in rates may be regular or irregular. Wlien the vaga 
effects of the drug predominate, the auricles may be slowed at first, and 
in patients with partial heart-block the block may be augmented. In 
a few instances normal rhythm could be established. In a small gioup 
of patients in wliom syncopal seizures wci-e found to be due to stand- 
still of the ventricles, the drug was found to cause a cessation of the 
attacks, with or Avithout an increase in the rate of the ventricles. 
In several instances, however, the use of the drug was followed by 
“syncope” with Avhat appeared to be stoppage of the ventricles. For 
this unusual response no explanation has as yet been offered. 


METHOD OF PROCEDHRE 

A 1; 1000 solution of udrcnnlin was adininistorod subcutaneously and inlrainus- 
culavly in graded doses ranging from 0..^ mg. to 1 mg. to four patients with com- 
plete auriculo ventricular dissociation suffering from transient syncopal seizures. In 
one patient an intracardiac injection was performed. 

There Avere two males and two females. The heart-block in these patients Avas 
due, in all probability, to disease of the conduetion system following coronary A'ossel 
closure. In the male patients it was definitely established that the syncopal attacks 
were the result of a marked sloAviug of the ventricular rate, whereas in the female 
patients the mechanism responsible for the attacks was found to be due to the various 
grades of ventricular acceleration leading to ventrieulnr fibrillation.*' All of these 
tests Avere carried out at a time aa'Iiou the iiaticnts Averc known to be free from 
seizures for soA’oral days and Avhen both basic auricular and A'cntricular rates AA'ere 
fairly constant and did not vary more than an aA'orage of 8 beats per minute. 

In tAA'o instances also the drug AA-as gh'en during a syncopal seizure. The 
adrenalin AA-as administered to the patients AS'hilc they Avere in the electroeardiographie 
circuit, and records Avere taken as frerjuently as Avas thought necessary. During this 
time detailed notes Avere made of the patient’s general reaction to the drug as aa'cII 
as of the clinical rate and rhytliiii of the pulse. Observations Avero discontinued in 
each instance four liours folloAving the injections. Tests Avere not repeated on tlic 
same patient in less tlian tAVO days. 


RESULTS OBTAINED IN PATIENTS AVITH COMPLETE AURICULOVENTRICULAB 
DISSOCIATION AND SYNCOPAL ATTACKS DUE TO VENTRICULAR 

STANDSTILL 

In the tAA^o male patients in Avhom the syncopal seizures Avere due to a 
marked sloAAdng of the ventrieiilar rate, the intramnsciilar administra- 
tion of 0.3 mg. of the drug resulted Avitliin tliree to five minutes in a 
progressiA^e increase of the basie auricular and ventricular rates from an 
aA^erage of 78 and 34 beats per minute to 114 and 48 respectively. Ten 
minutes later the pulse rate Avas noted to be slightly irregular, and 
Ins Avas found to be due to an irregular spacing of tlie idioventricular 
beats and not to premature beats of the ventricles. The greatest in- 
creases in these rates were observed to come on from eight to ten min- 
ues later The patients at no time complained of any systemic synip- 
, sue 1 as marked tremor, SAveating, nervousness or palpitation of 



656 


the AMERICAX heart JOURIsAL 


tLe heart. The heart rates returned to their normal basic level vithin 
one-half hour after the injections. 

^ The use of 1 mg. of adrenalin on a. diiferent occasion resulted in 
similar changes. Within one minute, the progressive accelerations in 
the rate described above began to appear, and these lasted a little 
over one hour and again there were no accompanying general dis- 
turbances. 

In one patient, at a time when there was a slowing of the ventricular 
rate to 6 beats per minute unth sjmeope which lasted for three min- 
utes, the injection of 1 mg. of the drug intramusculary, resulted within 
two minutes in a progressive acceleration of the ventricles. Ten min- 
utes later these averaged 80 beats per minute and were regular. One 
hour later the ventricles returned to their normal basic rate of 24 
beats after passing through a variable stage of irregularity consisting 
of an unequal spacing of the ventricular beats which, hoAvever, were 
all felt to come through at the pulse.- 

Premature ventricular beats were not recorded in them at any time 
during the use of adrenalin. 

RESULTS OBTAINED IN PATIENTS WITH COJIPLETE AUBICUL0\T:NTRICULAR 
DISSOCIATION AND SVNCOPAL ATTACKS DUB TO VENTRICULAR FIBRILL.VTION 

The sequence of ei'ents following the use of adrenalin in the two 
patients in whom syncopal seizures were due to ventricular fibrillation 
was very variable. 

The subcutaneous administration of 0.3 mg. of the drug resulted 
within thrfee minutes, at one time, in an acceleration of the basic 
ventricular rate from an average of 38 beats jier minute to 46. The 
auricular rates were barely influenced. Similar results followed the 
intramuscular injection witli the same quantity of the drug, but the 
increase in the ventricular rate appeared after one minute and lasted 
fifteen minutes. 

On another occasion the subcutaneous administration of 0.5 mg. of 
adrenalin was followed in one patient by an unusual sequence of events 
which deserves a detailed description. 

Before the injection the basic ventricular rate was regular and aver- 
aged 26 to 28 beats per minute. The auricular rate was 73 beats per 
minute (Fig. 1 A). The auricular complexes of the electrocardiogram 
were upright and alike from beat to beat. The ventricular complexes 
were also upright but varied occasionally in size, shape and form. 

One and a half minutes after the injection, the pulse at the wrist 
began to show coupling which persisted for twenty seconds and then 
there was a sudden pause. On listening over the apical region four 
distinct but progressively weaker heart sounds could be heard preceding 
this pause. At the same time the patient’s eyes closed, she lost con- 
sciousness, the face assumed a deathly pallor Avhich was followed bv 
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iulonsc cyanosis, and this chanjrcd suddenly to a bright rod Hush ol 
the face which coincided with a lioarl boat <'Oining through at the inilse. 
This whole iwriod lasted only fourteen seconds, following which the 
pulse bocanu' regular again few about auother o\U‘ atnl one-half ininute.s. 

The electrocardiograms recorded (luring the period of clinical bi- 
geminy (Fig. 2). showed the auricular rate to bo 75 beats i)er minute 
and regular and the eonpdoxes all of the ui)right fonii. The com- 
plexes of the basic ventricular rhythm were of high voltage (Fig. 2 A, Ji) 
as compared with those prior t(» the use of the drug and. the T-waves 
were of unusual sliape and form, becoming j>rogressively larger in si/.o 
from boat to boat (l"ig. 2 C. D, K). 



the.*;*.- records Is In lUUis of ii .vocfind.) ,1. Ueforo the 
1,.:.;. . •'idrennlln, tlie inirimiliir r:Ue was 7a ami the ventrknilar rate was Cf-. The 

1' o'"”’’ •*'” PeHitive. Fifteen minutes later the atirieular rate was 

negathi^’'' "'as 41. Both the T- ami I>-wiives were marltedly 


During the absence of the pulse, the clcctrocardiogi-ams showed ven- 
txieular oseillation.s of a varitihle voltage from beat to heat (1 to 20 mm. 
high) irregular in their time relationship to each other (Fig-. 2 F, G) 
vitli a duration of irom 0.04 to 0.28 seconds each. 


The auricular heats were not vi.sible at this time. They reappoart 
ii-i-egularly a.s eonseiousness was restored when the ventricles assunu 
an almost regular rhylhin and rate independent of their relation ■ 
le auricles (Fig. 2 H, L). The ventricular complexes wore all sli'diti 
notched indicating probably that they arose from a dilTeront foci 
from that of the basic complexes. 

Three minutes after these events, the ]m1ioiit began to siHi hcavil 
0 „o.. ,n.l,so it ,vas fom„l t„ be ..tore vapid .bap pvoX.ai 

■'»<1 et tamos coupled ; fvequoptly thvoo .and four sncoossive but tvealu 
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beats could be felt, only the first two. however, beiuo; audible at the 
apex of the heart. The rate increased propirc.ssivcly and the elect ro- 
cardiogranis indicate this to be duo to a recurrent groupin- of ventricu- 
lar oscillations following: rapidly the basic ventricular coiu])lexes 
(Fijr. 3 A, 7>‘, C) with an auricular rale wliicb now averaged 140 boats 

per minute (Fig. 3;. 

After two minutes of this type of rhythm tliere again occurred an 
absence of the radial indso which now lasted one minute and four sec- 
onds (Fig. 4). 

The clinical syndrome this time resembled tlu' charactiu'istie. Btokes- 
Adams seizures from which this patient suffered and which have been 
aclccpiatcly dc.scrihed in another commnnicalion.'" 

The electrocardiograms again revealed a series o! oscillations charac- 
teristic of ventricular rdirillation ending in . spontaneous revival. Re- 
covery of the basic rate was jireccded by an idioventricular rhythm with 
retrograde auricular beats, mo.st of which wore supen-imposod upon the 
T-waves of the preceding ventricular coniplexos. 

The ventricular rate, however, gradually increased to 41 heats per 
minute and the auricular rate to 125 hefori' a innuod of ventricular 
taehysystole appeared (ifteeu minutes after the injection of adrenalin. 

At fiu'.s time the auricular comple.xes were at first negative (Fig. 1 Ji) 
but later they became positive as the ventrich's assumed an irregtdar 
rate of GO to 115 boats per minute, with im])ulses whieb a))peared to 
be rising from various foci in the vent rides, although most of them 
were dowmwavd iu oharactor as compared with the conpdexes of the 
basic rhythm (Fig. 5). 

Twenty minutes after the injection the ventricular rate returned to 
a level of 42 beats per minute (Fig. G), and the auricles were beating 
at 125 beats before they suddenly began to librillate. The auricular 
fibrillation persisted for almost two hours following the use of adrenalin. 

For tlie ensuing throe lumrs there were no move reoni'renoes of tho.so 
irregnlaritie.s described altliough tho patient comphdnod of persistent 
constriction of tlio clie.sj for (he rest of the day. 

Subsequent obsei’vations revealed that sliort ])cri()ds of vontrimdar 
fibrillation could bo induced iu her with 0.5 mg. of the drug given intra- 
luiiscularly even in the ju'esence of jmrtial hoai't-bloek with a two-to-one 
rhythm. 

I'loAvever, at such times, llie ])artial heart-block would be iucreasod 
at first before there followed a gradual acceleration of both the auricular 
and ventricular rates leading eventually to the development of prema- 
ture beats of the ventricles. The.se at fir.st occurred .singly, then in 
eroup.s and ended finally in ventricular fibrillation. The longe.st jicriod 
0 ventricular fibrillation with syncope recorded in tliis patient as a 

^ administration was one minute and four seconds, 

ciiowed by spontaneous reeoverv. 




Fig. S.'- — Three minutes after the injection of adrenalin. Recurrent groupings of aberrant ventricular oscillations (.A, 13, D)* 

The auricular rate is now 140 beats per minute. 
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In the second patient, in whom ventricular fibrillation ivas the 
mechanism responsible for syncopal seizures, the intramuscular admiii- 
istrati 9 n of 0.5 mg. of the drug resulted in a series of events similar 
to those described above but in a more severe form. Short periods of 
syncope due to ventricular fibrillation varying in duration from fifty 
seconds to one minute and fourteen seconds, alternated with periods 
of regular rhythm with a ventricular rate which averaged from. 60 to 
115 beats per minute. This sequence of events lasted for almost one 
hour before restoration of the basic rlijdlim took place. For the en- 
suing two hours there were recorded many premature beats of the 
ventricles, all of which, liOAvever, came through at the pulse. 

On another occasion, the subcutaneous administration of a siiiiilar 
dose resulted only in an increase of the basic A^entricular rate to a few 
beats per minute above the normal. 

Finally, at a time when the patient had been in syncope for, seven 
minutes and her respirations had ceased following a seizure of ventricu- 
lar fibrillation, 1 mg. of adrenalin Avas injected directly into the heart. 
About one minute later, a strong beat at the pulse aa^s seen to coincide 
AA’ith a flush of the face. E-espirations AA’ere not re-established, hoAvever. 
For the next minute the Amntricular rate increased to 115 beats per 
minute only to be folloAved again by a short run of ventricular fibrilla- 
tion. "Within the next thirteen minutes the heart rhjdhm, in the pres- 
ence of loss of consciousness and absent respirations, consisted of a series 
of rapidly recurring periods of Amntricular fibrillation alternating Avith 
a taehysystole of the ventricles, the end of AAliich, hoAA'ever, could not be 
recorded graphically. Auricular fibrillation AA’as never registered in 
this case. 

DISCUSSION 

The rational use of adrenalin in patients AAUtli auriculoA'^entricular 
dissociation subject to Stokes-Adams seizures, depends upon an intimate 
knoAAdedge of the mechanism responsible for tlie sjmcopal attacks. 

It is important to appreciate that AAhere a reduction in the ventricular 
rate or Amntricular standstill is the cause of cerebral anemia resulting 
in sjTieope, adrenalin is the drug of choice. In such instances it may 
be used effectively in doses of 0.5 mg. to 1 mg. given intramuscularly. 
Judging from the eleetrocardiogTams, it produces its effects on the rate 
and rhythm of the heart AA'ithin one to three minutes folloAAung the in- 
jection. The results obtained are an increase in the idioventricular rate 
primarily through a stimulation of the idioventricular pacemaker. This 
increase is sometimes regular and at other times irregular. It reaches 
its maximum beneficial effects rapidly and lasts as long as four and 
one-half hours, Avhen the rate sIoavs doAAui, at times to a level loAver 
than that of the basic rhjdhm. 

EAmn Avhen the ventricular rate has already reached its basic level. 
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the repeated injeetions of adrenalin may prevent a sloAving of tlie ven- 
tricular rate ivitli resulting syncope. In patients witli anricnloventricn- 
lar dissociation the drug does tlijs by maintaining a threshold of en- 
haueed irritability of the auriculoventrieiilar node. Excellent results 
have also been reported in such eases in ivliieh syncopal seizures have 
been prevented by the combined use of barium chloride"^ with 
adrenalin."® In eases refractory to adrenalin alone, the former drug 
increases the irritability of the idioinntricular pacemaker and makes it 
more susceptible to the influence of adrenalin. 

In patients ivith Stokes-Adams seizures due to ventricular fibrillation, 
however, the ventricles as well as the idioventricular pacemaker are al- 
ready in a state of enhanced irritability. Therefore adrenalin is contra- 
indicated both during the period of sjmcope and during the intenmls 
between attacks. Our experience does not support the suggestion made 
by Dock"® that small doses of the drug may cause ventricular fibrillation 
and large doses may arrest it. 

It is possible that the small doses used by Lutembacher"® w%ere he 
obseiwed “stoppage” of the heart and recorded a straight line in his 
polygrapliic tracings also produced ventricular fibrillation, for both 
standstill of the ventricles and ventricular fibrillation give the same 
polygrapliic records of the pulse during syncope, namely, a straight 
line indicating absent effectual conti'aetions of the heart.- 
It should be apparent from these studies that the response to adrenalin 
as judged by the changes in the heart rhythm and rates of these pa- 
tients is very variable from time to time. This variation is due neither 
to the drug nor to its mode of administration but probably to the state 
of iri’itability of the neuromuscular tissue of the heart. We have re- 
peatedly observed marked systemic reactions, such as violent tremors, 
profuse diaphoresis and high rises in blood' pressure, in the absence of 
any effects of the drug upon the cardiac rhythm. 

Mention should be made here that our experience with the intramus- 
cular injection of adrenalin in such patients has been limited to eases 
where the sloivest A^entricular rate during a period of syncope has been 
6 beats per minute. It is obvious that absorption can take place in 
these cases as soon as the circulation is established, even by one effectual 
ventricular beat. It has been suggested that ivliere complete standstill 
of the ventricles is responsible for syncope, adrenalin should be used 
mtraeardially, as has been done successfully by Levine and Matton^® 
in one of their patients in Avhom standstill of the ventricles ivas recorded 
ioUoAviug a long period of ventricular fibrillation. However, in view 
0 the fact that we have observed the effects of adrenalin on the heart 
rui^ a, period of v-entricular fibrillation to be the same intramuscu- 
h? ^iitracardially, it is probable that the drug influences the 

ar r lythm and rate in another manner than through the circulating 
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blood Stream, possibly tliroiigli the sympathetic nervous system. Much 
more work will have to be carried out on this phase of adrenalin absorp- 
tion before we may be certain of how it readies the heart from the 
periphery when the circulation is at a standstill. 

It may be questioned whether the electrocardiograms obtained in the 
two^ patients with sjmcopal seizures due to ventricidar fibrillation fol- 
lowing adrenalin were due to the drug, rather than to the natural 
course of events in such patients. For the records obtained during syn- 
cope following adrenalin resemble in every respect those obtained when 
syncope occurred spontaneously.^ The progressive increase in the 
auricular rate during the premonitoiy period after adrenalin adminis- 
tration, the marked negativity of the P-waves following the fibrillatory 
period, the unusual tach3mystole recorded before the restoration of the 
basic rhjdhm as well as the development of transient auricular fibrilla- 
tion, all support the contention that the drug was responsible for these 
events. None of these iihenomena ivas noted to have come .spontaneous!}^ 
in this sequence, in a stud}' of over one hundred recorded seizures of 
transient ventricular fibrillation in this patient. 

SUjMMAKV AND CONCLUSIONS 

Four patients who had complete auriculoventrieular dissociation and 
who were subject to syncopal seizures received adrenalin in varying 
dosages. In two of the patients the syncopal attacks were due to a 
slowing of the ventricular rate, while in the other two the s}mcopal 
seizures were associated with transient periods of ventricular fibrillation. 

The same dose of adrenalin Avas found to act variably at different 
times in the same patient ivlien administered either subcutaneously or 
intr amus eularly . 

Adrenalin ivas found to increase both the auricular and the ventricu- 
lar rates of the patients in Avhom the syncopal seizures Avere due to 
standstill of the Awntricles. The increases in these rates Avere observed 
both preceding and during the Stokes-Adanis attacks and Avere both 
regular and irregular in rhythm. The drug produced its effects pri- 
marily through a direct stimulation of the idioAmntricular pacemaker. 

Adrenalin induced short periods of transient Amntricular fibrillation 
AAuth syncope in tAvo patients in Avhom the Stokes-Adams attacks A\ere 
found to be due to ventricular fibrillation. In one of these patients the 
drug also produced auricular fibrillation and a taehysystole of the A'^en- 
tricles Avhich lasted on and off for seA'eral hours at one time. 

In one patient AAuth already established ventricular fibrillation the 
intraeardiac injection of 1 mg. of the drug seemed to iierpetuate tiie 
mechanism resulting in alternating periods of ventricular fibrillation 
Avith taehysystole lasting over thirteen minutes and ending in death. 

As a therapeutic measure adrenalin is a life saving drug in patients 
in AA'liom syncopal seizures are due to a sloAidng of the Amutiiculai rate. 
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It is distinctly contraindicated in those in whom the attacks are the 
result of vent’ricnlar fibrillation, and its indiscriminate administration 
in such patients may result in death. 
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AURICULOVENTBICULAE NODAL PAROXYSMAL TACHY 
CARDIA AND AURICULAR FLUTTER. 

CASE REPORT'^ 

F. B. Carr, M.D., 

Worcester, Mass. 

'T^HB purpose of this paper is to present a very tinusual example of 
A- cardiac arrhythmia observed in a patient admitted to the Worcester 
City Hospital because of an aente bronehopueumonia. The eleetro- 
eai diogi aphie diagnosis was aurieuloventrieular nodal paroxysmal 
tachycardia, interrupted at varying- intervals by aui-ieular flutter with 
varjdng degrees of heart-block. A-V nodal paroxysmal tachycardia is 
of itself a leather rare form of arrhythmia, having occurred only four 
times in a series of 10,000 patients (0.04 per cent) whose electrocardio- 
grams Avere I'ecorded at the Massachusetts General Hospital over a 
period of sixteen years ( 1914-1930). At the Mayo Clinic OA^er a period 
of nine years (1914-1923), 102 eases of paroxysmal tachycardia Avere 
electi'ocardiographed. Only tlmee of these had an R-P inteiwal as 
demonstrated in the case to be discussed.^ HoAvever, the ease AAliich 
we are presenting has its claim to distinction in the fact that the nodal 
I'hydlun is interrupted by short runs of flutter, Avith varying block. No 
exactly parallel ease has been observed in a careful search of the litera- 
ture. P. D. White describes the course of a patient avIio had auricular 
flutter AARich digitalis conAmrted to auricular fibrillation and then to a 
rhythm which had its origin in the A-V iunetional tissues.® W. E. 
Hume, by means of the polygrajAh, was able to demonstrate, in tAvo 
cases of diphthex’ia, the transition of an A-V nodal rhydhm (not 
paroxysmal tachycardia) into auricular flutter, terminating in death 
for the patients.^ Taa'o cases AAdxich to some extent approach the case 
at hand have been reported by Gm'andel. These patients AA'ere ob- 
seiwed over a peidod of from two to four years. Tracings at certain 
periods showed rhydhm simulating either a nodal tachycardia or an 
auricular tachycardia. At other times flutter Avith 2-1 block Avas found 
and occasionally a third phase aaus recoi’ded in AA'hich there AAonld be 
groups of tAvo, three, and four A’-entricnlar complexes similar to those 
found in the period of tachycardia — each Avith its oAvn aiiriculai or 
nodal origin. Then AA'ould come tAvo auricular contractions to one o 
the ventricular contractions (flutter AAUth 2-1 block) seemingly linkiUe 
up the tAAm phases. In AueAv of these findings the author drcAV the con 
elusions that paroxysmal tachymardia did not exist at all but Avas snnu 
lated by a flutter Avith a 1-1 response.® There can he no cpiestion o 
the distinction of the tAvo rhyflhms in the ease at hand (i.e., A-V noca 
paroxy'smal tachy'cardia and auricular flutter ) . 

*Prom the Department of Cardiology of tlie W'orcester City Hospital. 
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Fig’. 1, — Electrocardiogram (Lead H) showing A-V nodal tachycardia Intcrrujiled by sliort periods of auricular flutter and by auricular 
and ventricular premature beats (see text). Part 2 i.s a continuation of Part 1. 

Fig. 2. — Effect of vagal pre.ssurc, applied at the end of a period of auricular flutter and during a short run of boats ot A-V nodal 
tachycardia, .showing 29-1 he-art-block in a .succeeding interval of auricular flutter. 
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CASE REPORT 

mtonj.-Th^ patient, a forty-tl.ree-year-old married man, entered tlie Hospital 
on September lo, 1931, liaving been sick five days at liome. He complained chiefly 
0 pain m the left upper chest. Pive days previously he was playing with his 
dog when he was seized with a sharp pain over the tops of both shoulders. There 



Fig-. 3. — Electrocardiogram after c|uinidine sulphate showing auricular flutter with 

two-to-one block. 



were no chills, cough, or pain on respiration. This pain lasted three to 
and was not sevei-e enough to make him go to bed. The f ollon ing daj ® _ 

tightness in the left axillary line at the level of his heait and had some . 1 
in breathing. Two 'days before admission to the hospital he commenced o eoug i 
a bit and felt feverish. 

Family History. — ^Irrelevant. 
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Fast Uisfori/.— He liail rlicumatic fever at fifteen years of age, at which time 
he ivas laid up for one year. Since then lie has never had dyspnea, edema, pre- 
cordial pain or distress, or any symptoms suggestive of cardiac failure. He has, 
however, as long as he can remember, been conscious of marhed variations in liis 
pulse rate. Particularly after exercise, such as golf, is he conscious of a very 
rapid pounding of his heart. This palpitation may suddenly stop of its own ac- 
cord; at other times he is able to terminate the attack by holding his breath or 
hv bending forward. Aside from this abnormality the patient has always been well. 

* Physical Exambiaiion. — A middle-aged man with flushed face sitting up in bed 
breathing rapidly. His temperature was 101% pulse 134 and regular, respirations 40. 
Exaniuiatiou of the lungs showed dullness to percussion at both bases with coarse 
rales extending up to the angles of the scapulae. Those signs were more extensive 
on the left than on the right. No points of consoHd.ation were made out. The 
heart was thought to be enlarged to percussion. The sounds were of good qiialit}'. 



Fig. 7. — Showing' patient’s normal rhythm at tlie lollow-up visit. 


^0 murmurs were heard. The blood pressure ■^vas 140 mm. systolic and 100 
diastolic. Physical examination was otherwise not abnormal. 

Lahomiory Findings . — The urine examuiations were normal. The white blood 
cell count was 18,000. The sputum contained group IV Pneumococcus. The basal 
metabolism was not elevated. The Wassermann reaction was not recorded. 

P'‘Offress.-— The temperature and respirations gradually fell to normal over a 
period of six days. For the next few days the patient’s pulse rate was quite 
la le. Sometimes it would be 130 to 140; at other times it ivould bo 70; some- 
alkT ^ irregular; other times regular. The patient insisted if he were 

*on*^tl^ keart would return to its normal condition. Consequent!}’ 

liad day following the drop in temperature he was allowed up. As he 

taeh Phlse became quite regular -with only occasional paroxysms of 

ti,o the diagnosis in this case was acute bronchopneumonia 

as given digitalis perhaps rather empirically. With the fall in tem- 


Ike patient w 
perature 


on the sixtli day digitalis was omitted. He liad received 19% grains 
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The patient came to the hospital November 23, 1931 (eight weeks after h;« a- 
IT? ^oi- a follow-up visit. He stated that he was feeing t 

Zf occasional attack of palpitation just after getting into 

bed. The attack would last only a few minutes and seemed never to occur Lring 
the daytime. Examination of the heart revealed no furtlier abnormalities than 
found at tlie previous examination. An electrocardiogram was taken, the three 
leads of whicli arc to be seen in Pig. 7. 


ELECTROCARDIOGRAPHIC OBSERVATIONS 

Our obsei*vations on tiie patient’s cardiac abnormalities were made 
from tbe time liis temperature fell to normal on the sixth day. The first 
electrocardiogram Avas taken on the sixth day. (Fig. 1. Part 2 is a con- 
tinuation of Part 1.*) The initial rhjdhm is a tachj-eardia (rate 160) 
Avitli an impulse arising at or near the A-V node (i.e., an A-V nodal 
tachycardia). The ivat'-e of origin of the impulse is incorporated in the 
QRS complex and there is a retrogression of the impulse into the auricle 
to produce an inverted P-Avave directly folloAAung the QRS, thus pro- 
ducing an R-P interA'al. This type of tachycardia is interrupted at one 
point by a paroxysm of auricular flutter first Avith a 4-1 block and then 
a 3-1 block. The next complex is an escaped ventricular beat. FoIIoav- 
ing this is a contraction Avhose origin is supraventricular, though not at 
the usual site in the S-A node. (Compare normal rhythm in Fig. 7.) 
Next there appears a premature A^enti’icular beat folloAAung AA'hich the 
heart returns to its normal S-A i-hythm, but for tAvo contractions only. 
A pi’emature auricular beat intercedes, coming from an ectopic focus. 
Shortly later there appears another paroxysm of auricular flutter avMcIi 
seems to be initiated by a premature auricular beat. First there is a 
3-1 block and then 4-1 and 3-1 block. Finally the heart reverts to a 
typical A-V nodal paroxysmal tachycardia. 

Effect of Vagal Pressure . — Pressure on the right carotid sheath AA^as 
applied at a time AAdien the heart Avas responding to the nodal focus 
(Fig. 2). A condition of Amntricular standstill Avas produced AA^hicli 
lasted for a period of 6.2 .seconds. During this period there aaas an 
isolated P-Avave folloAved by a regular action of the auricle at a rate of 
about 300 per minute. This situation did not bother the patient sub 
jectively. He stated that he felt dizzy. He did not lose consciousness. 
This AAms the only time that Ave were able to produce such a vagal effect 

Effect of Quinidine ySatyliate.— After taking the above electrocardio- 
grams, tAvehm grains of quinidine sulphate Avere given, Avith no change 
in the rhjdhm. Fifteen grains Avere given on each of the next tivo 
days. On the third day the rate Avas found to be 150 and apparently 
regular. The patient Avas then given tAventy-one grains of quinidine, a 
AAdiich point he complained of ringing in the ears. He Avas conseiou 


*Lea(i II is used in the figures except where otherwise indic.-ited. 
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(more so tliaii usual) of liis heart’s beating: and complained that he had 
felt Avorse since the quinidine treatment had been instituted. A tracing 
was then taken (Fig. 3) sliowing a slight irregularity of incidence of 
the ventricular contractions at a rate of 150 to the minute. A flutter 
vith a 2-1 block is the dominant rhythm and no instance of the A-V 
nodal rhythm was found. Deep breathing did not affect this tracing. 
Vagal pressure served temporarily to increase the block to 4-1 and then 
to 3-1. IVe were unable to obtain a normal sinus rhythm after moder- 
ate doses of quinidine sulphate. 

Effeci of Atroimic Siilphaie . — On the follondng day the electrocardio- 
gram showed a return to A-Y nodal paroxysmal tachycardia (Fig. 4). 
Atropine sulphate 1/100 grain was injected subcutaneously. In one 
minute there Avas a flutter wdth block changing from 2-1 to 3-1 (Fig. 5). 
This persisted for three more minutes Avhen the heart returned to a 
normal sinus rhythm (Fig. 6) with an occasional premature nodal beat 
at a rate of 100. After six mi7iutes the normal rliAdhin was displaced 
by a flutter with varying block. Forced expiration would sometimes 
convert the flutter to a normal rhythm. 

Atropine was given, grains 1/100 by mouth, every four hours for 
forty-eight houi*s and then reduced to grains 1/150 every four hours 
and a tracing taken on the third day following. Considerable irregu- 
larity of the heart beat Avas still present. The cardiogram shoAved a 
tendency to coupling Avith a nomnal sinus beat folloAved by a premature 
auricular beat though at times the rliythm became normal or Avould 
change to the nodal tachycardia. 

DISCUSSION 

This patient CAudently had a very irritable heart. The role of the 
pacemaker is at times usurped by a focus of rapid impulse for- 
mation at or near the A-V node. At other times this nodal focus is 
supplanted by a focus higher up in the auricle Avliere there is a regular 
circus movement forming impulses tAvice as fast as the nodal focus (the 
interval betAveen Amutrieular beats in the periods of tachycardia, repre- 
senting the intervals betAveen nodal impulses, is tAvice as long as the 
interval betAveen P-Avaves in the stages of flutter). A flutter Avith 2-1 
and increasing block then dcAmlops. Apparently there are tAvo areas of 
abnormal impulse formation, the one in the A-V node causing a 
paroxysmal tachycardia, the other focus occurring higher up and in- 
stituting a state of flutter. First one area comes into control, then is 

giadually displaced by the other area. A Amry disordered heart beat 
results. 

Vagal pressure may exert a greater effect in A-V rh;jdhm than in 
ihjqiim.® Vagal stimulation in this case produced a 29-1 block, 

le auricle contracting tAventy-nine times in response to the upper 
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focus. The auricular i-ate is the same as at the periods of flutter scat- 
tered tlirough the runs of nodal taehj^eardia. 

The S-A node though greatly depressed has not lost its function as 
evidenced'by the occasional instances of normal sinus rhythm. Atropine 
by its paralyzing action on the vagus nerve endings seems to remove 
this inhibition, allowing the S-A node to resume its normal role for 
short periods of time. However, its reign is apt to be terminated at 
any moment by the retui'n of control by the ectopic foci. 

SUMMARY 

A case of peculiar cardiac arrhythmia is reported in a man forty- 
three years old, and electrocardiograms showing the mechanism of the 
disoi’dered heart beat are presented. The dominant rhythm is an 
auriculoventricular nodal paroxysmal tachycardia which at varying in- 
teiwals becomes displaced by an auricular flutter vdth changing block. 
The effects of vagal pressure, quinidine sulphate, and atropine sulphate 
on this disordered rhjffhm are demonstrated. 

The author of this paper wishes to acknowledge the kind assistance of Dr. P. D. 
White of Boston in reporting this case, and the interest of Dr. G, M. Albee of 
Worcester wliose patient it is who forms the subject matter for this report. 
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ACUTE PULMONARY EDEMA 

Report of a Case With Autopsy^' 

Hugo A. Freuxd, M.D., and AYarren B. Cooksey, M.D. 

Detroit, i\Iicii. 

T his term ivas first used by Hiiehard* iu I8f)7 to describe the case of a 
patient suffering' from a cardiac condition complicated by sudden 
and severe attacks of edema of the lungs. Numerous "writers since then 
have Avritten of this condition under various cajitions as cardiac asthma, 
paroxysmal acute dyspnea and paroxysmal dyspnea of hypertension. 
Palmer and White- in an excellent summary described it as a '‘eon- 
dition of paroxysmal acute dyspnea, generally occurring at night, but 
sometimes folloAving exertion, lasting from minutes to hours and accom- 
panied by a sense of suffocation, by wheezing and often by cough with 
frothy sputum which may or may not be bloody and which is due funda- 
mentally to serious heart disease, especially involving the left ventricle, 
the attack being characteristically rclicvecl by morphine.” 

Just as the terminology describing these attacks has differed, so has 
the exact nature of the attack and the causation been subject to various 
interpretations. The earliest and most outstanding experimental work 
was done by William Henry Welclv" in 1878, in which he injured the 
left ventricle of rabbits producing a pulmonary edema. According to 
Welch, the condition is one in Avliieh “A dispropoidion exists between 
the working power of the left vmntricle and of the right, ventricle of 
such a character that, the resistance remaining the same, the left heart 
is unable to expel in a unit of time, the same quantity of blood as the 
right heart.” Cohnheim at once supported this theory but Sahli and 
Grossman criticized it though they offered no experimental evidence to 
refute it, nor any equally satisfactory explanation. Vaquez considers 
several possible causes, the mechanical, the augionenrotie, the toxic and 
the mixed forms. He favors apparently the idea that most of the at- 
tacks can be laid directly to failure of the left Amntricle. Pratt, in a 
lemew of thirty-nine cases of cardiac asthma, feels that a i^eripheral 
■'asomotor disturbance is a strong factor in many cases, and also sug- 
gests that there may he an element of bronchial spasm present. The 
opiiiion of Palmer and White is that left Amntricular strain and failure 
eaase, uffth increased blood fioAV, a stasis of blood in the pulmonary 
cueulatioii, the right ventricle sending too much blood for tlie left 
^entucle to take care of. Practically all Avriters agree that the one most 
associated finding in all cases of acute pulmonary edema is a 

' wi Uie Medical Service, Harper Hospital, Detroit, Michigan. 
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marked coronarj’- sclerosis. This interferes with coronary flow causes 
myocardial ischemia and failure on the part of the ventricle to maintain 
a required output. 

This paper does not concern itself with the pulmonary edema of 
cardiac decompensation accompanying valvular disease, nor do we refer 
to the gradually developing edema seen in the failing heart of myo- 
carditis either of the fibrous or infectious type. Edema of the lungs 
occurring in allergic cases, chronic infections, bronchitis and so-called 
angioneurotic conditions differs clinically and sjouptomatically from the 
acute or paroxysmal tjqoe. The condition is fundamentally the result of 
sudden left ventricular overstrain plus acute myocardial failure with 
all the concomitant sjouptoms of complete collapse. The ashen, pallor, 
urgent dyspnea, cold surface, clammy sweat, rapid pulse, fall of ten- 
sion and hopeless expression of the patient, create a singular picture 
seen in no other form of pulmonary edema. Recovery from the seizure 
is equally striking. The patient’s sensation of relief from overpowering 
oppression, the cessation of sweating, the return of hodj’ warmth, are 
soon followed by a lessening of the tachycardia, a fuller pulse, a return 
of color and a gradual vanishing of the dyspnea and signs of pulmonary 
edema. The attack may be very mild, so slight that only the patient 
senses a feeling of difficult breathing and perhaps some alarm. If the 
seizure progresses it maj^ develop mth aggravating intensity and re- 
sult in death in a few minutes. The entire episode may he over in a few 
minutes, or it may progress with alarming intensity, reach its climax, 
slowlj^ subside and be completely over in an hour. 

After repeated attacks, the period of recovery is prolonged. How- 
ever, when all the features hare vanished, no objective or physical signs 
remain or even suggest that the patient has passed through a critical 
seizure. Though this condition is not infrequent in practice, the oppor- 
tunity for prolonged observation and for inteiisive clinical study of a 
ease of acute pulmonary edema is not common. 

In the report given below not only was the patient seen prior to his 
initial attack but in each subsequent seizure it was possible to mate 
clinical and electrocardiographic studies, observe the factors that pie- 
eipitated each attack and note the effects of various forms of medica- 
tion. Supplementing the prolonged observation of this ease, the autopsy 
findings revealed definite changes that supported the explanation of 
left ventricular mjmeardial damage. 

CASE HISTORY 

Male, aged sixty-two years, married, mei'cliaiit, came for pliysical exam 
tion for tlie first time in 1916. He felt perfectly well but expressed the desire ^ 
have regular and complete examinations, noteworthy in his family historj 
the facts that his mother, aunt and uncle had died of diabetes and that his at 
and brother had died of coronary disease. One sister was living and well. T 
was nothing o £ importance in his past or personal history. There was no ^ is o J 
of rheumatism, and syphilis was denied. At the time of the initial cxamina lO , 
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a mild liypertcnsion, 150 systolic and 90 diastolic, ^vas recorded, llierc rvas no 
'evidence 'of cardiac enlargement. On snbscqucnt occasions during tlic next six 
rears tlie blood pressure rvas recorded at various lieiglits, the maximum ever 
found was 184 systolic and 110 diastolic. Several times traces of albumin and a 

rare liyaline cast were reported in tlio urine. 

In 1922 the patient complained for the first time of pain in liis chest radiating 
into the left arm, made worse by exertion and accompanied by fear of possible 
consequences. Whether the angor animi was spontaneous or due to the patient's 
knowledge of symptoms of the disease, could never be determined. During the 
next few years the increasing freejueney and severity left no doubt of the fact 
tliat these were attacks of stenocardia on the basis of a coronary sclerosis. With 
this in mind general directions concerning restrictions in activity, mental strain, 
diet and habits together with instructions with regard to the use of nitroglycerine, 
were given. In 1925, he had his first paroxysm of acute pulmonary edema. It 
came on with exercise; it was relieved by one-fourth grain of morphine. Two 
years elapsed before he had a return of a similar condition though in the mean- 
time he continued to have anginal attacks of varying intensity. He carried 
nitroglycerine constantly and used it liberally' with benefit. In 1927 he began 
having attacks of pulmonary edema more frequently so that between that time 
and his death in October, 1930, he was seen in some attacks of great severity. 

Physical examination revealed a small man weighing 65 kg. His skin ivas smooth 
and dry and his musculature was poorly developed. There was slight enlarge- 
ment of the heart to the loft and downward. The sounds were clear; the aortic 
second was moderately accentuated. There was normal vesicular breathing 
throughout the lungs. The edge of the liver could be felt on deep breathing. 
The abdomen was otherwise normal. Though his blood pressure maintained a 
higher level up to 1925, after that it gradually fell, averaging during the last five 
years 150 systolic and 100 diastolic. The blood count was normal. The Wasser- 
inann test was negative. X-ray films revealed a slight enlargement of the left 
ventricle. There was no change in appearance of the aortic shadow. The lung 
fields were clear. There was moderate lulus infiltration. The phrenocosto angles 
were clear. Electrocardiograms revealed changes indicating marked disease of 
the coronary arteries. 

Course of the Disease . — Although the patient suffered almost daily' attacks of 
stenocardia from 1927 up to his fatal seizure in 1930, he neverthcle.ss remained 
active in business and continued with moderate exercise. He play'cd golf in pleas- 
ant weather and spent much leisure time at cards. Neither moderate work nor 
recreation were harmful. Phy'sical and emotional strain precipitated attacks, 
lereating and excessive smoking had a similar effect. Yet the patient knew his 
^imitations and managed to live within them. Ho took a philosophic view of his 
on ition and tried to avoid those forms of excitement, overactivity', and over- 
indulgence that would precipitate stouoeardia. Hovvever, he chose moderate froe- 
oni to excessive restraint, preferring to control the pain with nitroglycerine. 

IS vas accomplished effectively w'ith 1/100 grain of nitroglycerine which the 
pa lent repeated sometimes at fifteen-minute intervals. 

ho three j'ears of his life, attacks of acute pulmonary edema also 

ciated*^ recieasingly frequent. The attacks of edema were not necessarily' asso- 
frequ slsnocardia. At the same time attacks of angina of vaiying intensity' 
^rein th'^ eloped rvithout any' evidence of either edema or dy'spnca. In fact, 
even in t1 evident to us that severe attacks of stenocardia can occur 

pulmonary^ Presence of a badly damaged left ventricle without producing acute 
eitement T fatal attack xvas precipitated by' intense emotional ex- 

He was i sitting in his chair speaking with friends. 

ei ecic ed emotional stress w'heu w'ithout w'arning he complained of 
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distress ill Ills chest, developed rapid labored asthmatic breathing, grew ashen 
pale and died immediatelJ^ ^ ^ 

During an attack, the heart sounds were usually obscured by coarse rales heard 
everywhere in the chest. His extremities were cold, his skin slightly evanotic 
and an expression of extreme anguish developed. He was usually propped up in a 
seniisitting position, hardly able to speak and struggling for every breath. Cardiac 
dilatation could not be demonstrated by physical or fluoroscopic examination; and 
theie was never any elevation of blood prc.ssurc. Occasionally there would be a 
ten or fifteen point fall in both the systolic and diastolic levels. 

Poi the relief of these attacks many different substances such as amyl nitrate, 
nitroglycerine, adrenalin, caffeine sodium benzoate and digitalis w-ere tried, but 
ivere alw^ays found ineffective. Morphine in doses of 1/6 to 1/2 grains was in- 
valuable and often wuthin a few minutes W'ould bring such complete relief that 
all rales would entirely disappear from the chest and the patient would lie dowm 
with comfort. Bed rest for a few days following and digitalis between the at- 



Fig. 1. — Electrocardiographic studies before, during, and after a typical severe attach. 
Note the marked fall of amplitude almost entirely in the left axis. 


tacks seemed effective in preventing their occurrence. Unfortunately, it At as 
impossible to restrict this patient as fully as Avas desirable. He preferred death to 
complete invalidism and refused many of the essential physical and emotional 
restrictions. 

miectrocardiograpMc studies were made during a typical attack and the findings 
AAull be noted in Fig. 1. In the tracing taken one Aveek before this attack, the 
marked S-T change, the diphasic Tj and T™, and the slightly increased intiaAen 
tricular conduction wull be noted as indicathm of marked coronary disease. At 
the onset of the attack there is apparent a fall of voltage of the QBS, and in- 
creased rate and Amntrieular extrasystoles. As the attack progresses the height 
of the E-AA^aA’^e falls Amry perceptibly, chiefly in Lead I and CAmn aftei sixteen 
hours haA^e elapsed, there is evident considerable left ventricular Aveakening as 
judged by the fall in height of and Eo. 

Autopsy reA'ealed nothing of importance except in the cardiovascular system. The 
heart w^eighed 575 grams. On the posterior AAmll of the left ventricle, a flabby. 
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BUNDLE-BRANCH BLOCK WITH PERIODS OF NORMAL 
INTRAVENTRICULAR CONDUCTION; REPORT OP AN 

UNUSUAL CASE'-^ 

Albert H. Elliot, BID., akd Franklin R. Nuzlm, jM.D. 

Santa B^lrbara, Calif, 

OEVERE grades of delayed intraventricular conduction ai-e usually 
permanent and are commonly regarded as indicative ot pathological 
changes of the myocardium. It is not generally recognized that such 
conduction disturbances may be primarily functional in natiu’e and 
transitory in occurrence. Hei’rmann and Ashman,^ in a recent review 
of tills subject, collected ten cases from the literature in which the intra- 
ventricular conduction time was found to vaiy at different pez’iods of 
observation. They report in detail eight instances of their own. Three 
of these were remarkable in that a complete change from bundle-branch 
block to normal intraventricular conduction occurred during the period 
of a single cardiac cycle in response to simple maneuvers (breath hold- 
ing, slight exercise). Wenckebach and Winterberg- published tracings 
obtained from a girl eleven years of age which usually showed partial 
A-V block with a P-R interval of 0.22, together with altered ventricular 
complexes ‘wliicli they regarded as indicative of right bundle-branch 
block. Slight exercise u-as sufficient to induce a 2 : 1 A-V block and to 
cause complete disappearance of the intraventricular conduction delay. 
At autopsy there was slight structural alteration of the conduction sys- 
tem hardly sufficient in degree to account for the pronounced changes ob- 
served in the electrocardiogram. This observation is of particular inter-: 
est because it indicates that profound intraventricular conduction dis- 
turbances may be primarily of a functional nature. It is of course evi- 
dent that the prognosis in such instances might be favorable. 

AVe wish to describe a patient Avithout cardiac symptoms in Avhom 
there occui’red abrupt changes from bundle-branch block to normal intra- 
ventricular conduction, both spozitaneously in combination Avith transi- 
tory 2 :1 A-A^ block, and in the absence of such block, as the result of in- 
direct Amgal stimulation. 


CASE report 

The patient Avas an obese Avhite man sixty-six years of age who presented liiinself 
for general physical examination. He had no complaints. His hereditarj back 
ground Avas good; his parents had lived to old age. He had Jiad uneomplicate 
scarlet fever at tAventy-tAvo years of age, and gonorrhea at tAA^enty. Sjpliilis Avas 
denied. There aa'Bs no history of rheAxmatic fever, chorea or tonsillitis. He Avas 
fairly abstemious in bis habits Avith the possible exception of a eigaiette consump 
tioii of 15 daily. He had prcA'iousIy been au executiA'e in a large industiia] concer , 
but of late years had led a life of comparative ease. A recent deatli in the fann y 

*Proiu the Santa Barbara Cottagre Hospital, Santa Barbara, Calif. 
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had taken its toll of worry and unhappiness, but at the time of our examination his 
equilibrium had returned. 

Examinalion . — The patient was an alert individual of sthenic habitus, 5 feet 
6 inches tall and weighing 100 pounds. There was no objective evidence of circula- 
tory embarrassment. The radial pulses were synchronous at 70 per minute, the ac- 
cessible arteries soft, and the blood pressure was 128/74 mm. The apex beat was 
not palpable. No thrills were felt. Percussion elicited a normal cardiac eonfigura- 
tiou, but the left border was 1.0 cm. lateral to the midclavicular line in the fifth 
interspace. Tlie heart sounds were distant and the quality was good except for slight 
roughening of the first sound at the apex. By fluoroscopy the lungs were normal 
and the diaphragm was situated rather high in the thorax. The cardiac, pulsations 
were moderately vigorous, the aorta was not widened or elongated, and the retro- 
cardiac space was clear. By orthodiagraphic measurement the right heart border 
was n.O cm. from the midline and the loft 11.0 cm., giving a transverse cardiac diam- 
eter of 16.0 cm. which was greater than his calculated normal transverse diameter of 
14.2 cm. (Eyster ’s method) . 

Lahoratory Ea’amination. — There were no abnormalities of the microscopic and 
chemical examinatiorrs of the blood and urine. The blood Wassenuauu reaction was 
negative by the Kahn and Kolmer technics, 

ANALYSIS OF ELECTROCARDIOGHAMS 

During the examination of this patient a slight transitory pulse ir- 
■ regularity was noted. An electrocardiogram ivas immediately tahen in 
the usual manner (Fig. 1). The tracing slioived a regular auricular 
I'lpihm of 75 per minute. The greater number of the ventricular com- 
plexes satisfied the criteria foi’ the diagnosis of right bundle-branch 
block (old terminology), namely, the form of left axis deviation, and 
sluiTing, notching, and widening over 0.1 of llie QRS groups in all 
leads with T directed oppositely to the major deflection. In Lead I the 
third ventricular beat was dropped and the ventricular complex follow- 
ing tlie fourth P-wave at an interval of 0.2 sliowed a prononneed change 
in eonfigui'ation. The slurring and notching of QRS had disappeared 
and the QRS interval had narrowed to 0.08. The next two beats showed 
a return of bundle-braueh block configuration after which 2:1 A-V 
block with constant P-R interval of 0.2 was established, halving the 
leiitiienlar rate to 37.5 per minute. For the duration of this block, a 
pmod of several minutes, the intraventricular conduction disturbance 
did not recur. With its spontaneous disappearance and return of the 
ventricular rate to 75 per minute bundle-branch block reappeared 
eaci II). Ill Lead III a dropped beat was recorded followed by one 
ntiienlai complex having a normal intraventricular conduction time, 
cl ®^p^Fhs later another tracing was obtained. No .spontaneous 
langes ni either A-V or intraventricular conduction were recorded. 
Hov complexes had the bundle-branch block configuration. 

b'anVt'^^’ response to pressure over the vagi in the neck, an abrupt 
bead bitTaventrieular conduction occurred (Pig. 2) . The 

salt of t ^ maneuver was 78.7 beats per minute. As the re- 

ae>a pressure, the rate slowed to 56.6 per minute at wliieli time 
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Flpr- 1. — Leficls T, II anti III from above clownwanl. Spontaneously occurring tlroppecl beats and 2 : 1 A-V blocU 

wU)i disappearance of the intraventriciiiar conduction delay. 
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the bundle-brandi block disappeared. During- five such beats the rate 
gradually increased to its previous level at vhicli point tlje bundle-braneli 
block was abruptly reestablished. The P-E interval remained constant 
at 0.2 throughout. 

It should be noted tliat exercise had no effect upon tlie intraventricular 
conduction time. 

DISCUSSION 

The classification of bundle-branch block as to type is of much theo- 
retical interest. The reader is referred to the paper of Herrmann and 
Ashman for an exeeilent discussion of tlie nature of partial bundle- 
branch block and of the diagnostic criteria for its identification as to 
type. 

In this instance the classification of the block could not be made from 
the first tracing alone. The fact that the A-V block was manifestly of 
tjTpe 2, shown by the dropped beats and establisliment of 2:1 rhythm 
without prolongation of the P-R interval, gave no information as to the 
exact type of eoiiductiou disturbance present in the bundle. In the sec- 
ond tracing, howe'\'’er, there was recorded, as in the first three eases of 
Herrmann and Ashman, an abrupt transition within the space of a 
single cardiac cycle from bundle-branch block to normal intraventricular 
conduction. This makes it clear that the bundle-branch block was defi- 
nitely of tj'pe 2 and as such is the fourth instance of its kind to be 
reported. 

The fact that the transition in this instance occurred only with cardiac 
slowing would seem to indicate tliat the bundle-branch block was pii- 
marily the result of fatigue of the conduction system and that the de- 
pressed tissue Avas probably of Amry small extent. Siicli a conception is 
borne out by the fact that the patient had neither cardiac SAmiptoms nor 
a clinically diagnosable lieart lesion beyond a moderate hypertrophy. 
There seems furthermore to have occurred in this patient an improve- 
ment in the physiological state of the conduction system over a period of 
three months as evidenced by the disappearance of the spontaneously oc- 
curring 2: 1 A-V block. It does not seem unreasonable to hope that in 
time the intraAmntricular conduction disturbance may likeAvise disap- 
pear. We shall Avatch the future course of this patient Avith great 
interest. 

sujiaiara: 

The electrocardiographic tracings taken from a sixty-six-year-old man 
Avho had no cardiac symptoms shoAved a typical bundle-branch block- 
Avhieh abruptly disappeared Avitli the spontaneous occurrence of 2:1 
A-V block, and Avhich disappeared after cardiac sloAving, the result of 
indirect vagal stiinnlation. 

This is the fourth instance of proA^ed type 2 bundle-branch block to 
be reported. 
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It is believed that the eoiidiietion distinhance in this instance was 
primarily the result of fatigue of the bundle and that the depressed 
tissue was small in extent. 
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Hamilton, W. F., Spradlin, M. C., and Saam, H. G.: An Inquiry Into the Basis of 

the Acetylene Method of Determining the Cardiac Output. Am J Phrsiol 

100 : 587 , 1932 . 

An attempt is made to evaluate the acetylene method of determining the car- 
^ diac output. The authors believe that while there seems to be an agreement 
betueeii the acetj’lene method and the Pick pro(*edure in determining the cardiac 
output that the acetylene method produces readings which arc too low and that 
the source of error lies in the difficulty in determining the samples of air before 
the acetylene gas returns to the rebreathing chamber. 

Kouwenhoven, William B., Hooker, Donald E., and Langworthy, Orthello E.: The 

Current Flowing Through the Heart Under Conditions of Electric Shock. Am. 

J. Physiol. 100: 344, 1932. 

The purpose of the experinrents deseidbed in this paper was to ascertain the 
proportionate value of total electric current which actually flows through the 
heart u-hen contact at various points on the body is made with the circuit and 
to determine the minimum current necessary to establish ventricular fibrillation. 
Dogs completely anesthetized with morphine and ether were used as experimental 
animals because the ventricles of the dog’s heart are readily thrown into a 
permanent state of fibrillation by the application of relatively weak currents 
as is assumed to be the case in man. 

It was found that 9 or 10 per cent of the total current passing through the 
body flows through the lieart for a current pathway parallel to the body axis. 
When the current flows transversely, only about 3 jicr cent passes through the 
heart. Thus, as far as the heart is concerned, fibrillation will be produced by a 
much smaller total current flowing from the upper to the lower extremities than 
between the forelegs. 

In most industrial accidents the current path is from the right hand to the 
feet and under these conditions the heart carries a greater proportion of the total 
current than when contact with the circuit is made at any other location on the 
body. 

Jones, NoUe W., and Newsom, S. J.: Experimentally Produced Focal (Dental) 

Infection in Belation to Cardiac Structure. Arch. Path. IS: 392, 1932. 

In this paper the authors present the results of their study of the following 
problems: (1) the relationship between experimentally produced focal (dental) 
infection and cardiac hypertrophy in dogs; (2) the relative effects of exercise on 
the hearts of such infected and noninfectod dogs; (3) the reliability of the various 
meams of expressing cardiac hypertrophy; and (4) other pathological changes 
cardiac and cxtracardiac found in the experimental animals. Dental abscesses 
were produced by introducing strcptocoeeus material through an opening in the 
root canal of the dogs. These dental absees.sos could be demonstrated in all 
inoculated dogs. The hearts .sliowod constantly very small vegetative or vorrueo.=o 
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mitral aiut/or aortic cndocunlitic Icssioaa, putchy pavcMudiyinutous dogCDcration, 
nuclear cluui{tci’-, iiicrcaso in the (lianu'tor of llie imisclc colls ami a slight round 
cell infiltration. 

Po.sitivo rclatioiKsliip liotwoon c.xporiniontuUy produced focal dental infection.s 
and cardiac hypertrophy as lueasurod by dininol(?r of muscle cell.s rva.s noted. 
Direct nieasnroiuont of diamotors of cardiac muscle ftliors under the experimental 
conditions was n more reliable criti'rion of cardiac hypertrophy than ratios of 
heart weight to body weight or of heart weight to body surface area. 

Stress and strain in the absence of focal infection did not atfect (he gross or 
the microscopic cimracteristics of the heart. 

Schnltz, M. P., and Svjift, Homer T.‘. Reaction of Rabbits to Streptococci; Com- 
parative Sensitizing Effect of Intracutancous and Intravenous Inocnla in Minute 
Doses. .T. Exper. Afed. 55: 51)1, 

Rabbits were rendered very hypersensitive by relatively sinnli doses of green 
streptococci given intr.Mcutaneously and .somewlmt le.s.s hypcr.sen.sitivo by similar 
doses of heat killed vaccine prepared from hemolytic si rcptococci. Animals receiv- 
ing the same doses intnu'mKin.'.ly gave upon subsecpient testing Ic.sions .slightly 
more marked than normal controls, but these lesions were cpnilitativcly hard 
.md nodidar compared with the largo lubmmtmis lesions in the cutauconsly sensi- 
tized group. 

There was no parallelism between the degree of cutaneous or ophthalnnc hyjror- 
RcnsUivity and agglutinin tiler in the blood serum. It is believed that bacterial 
hypersensitivity to wliole st reptocoeci nppenr.s to depend more upon previously 
induced focal infection tlnin njton circulating atUibodie.s. 

McEwerr, Currier; Cytologic Studies on Rheumatic Fever. 1. The Characteristic 
Cell of the Rheumatic Granuloma. .T. Exper. Med. 55: 745. llRli. 

Scrapings of suiicutancous nodules from 10 patients with rheumatic fever wore 
examined microscopically jifter heing stained with supravital dyes. From the 
uniform results oi)tninod the following conclusions have been drawn: (1) Supi'a- 
Mtal .staining of cells from tlicsc lesions gives informal ion nnobt.ainablc with 
ordinary histologic methods. (2) 'I'hc scrapings show a great predominance of 
certain cells almost entirely devoid of phagocytic power. All the su}>ravita!ly 
stained preparations .showed small musses of tissue com])osed of many cells lying 
™afdnillar mesli work ai\d of w;n*;\' fdrrils such :is occur in siinihir preparations 
0 tendons or deep fascia. Only at the margins of those masses, however, could 
1C clUs be clearly dislingni.shed. Eying between the bits of tissue were large 
^uiiuor.s of these same cells which bccnn.se of their isolated po.sitioiis could be 
re accurately .studied. All transitions in the typo of the cells were .seen, 
ssinll cclhs about the size of intermediate lymphocytes to spindlc- 
ninltinuclcatcd giant forms. The ]iredomvnating cell was 
"cre ^ ii'icron.s wide by 20 to 30 microns long. The small cell.s, however, 
Sx]5 microns in diameter, while the mnltiimeloalcd cells 
^‘id poLt 'd'ho .shape wa.s n.snally oval, but many of the cells 

of the cell which were often at a sharp angle to the rest 

frc.slily .studied preparations was very indistinct but 
a coarse fhc icebox for forty-eight hour.s. The cytopla.sma 

to he .sli^l gtass appearance, and its pale yellowish gray color showed 

small cells t^asophilic. Tlie nucleus wms oval and large, almost filling the 
the vague'' ^oenpying relatively less of the larger ones. In sharp contrast 
CG I outline, the nuclear niombrane rvas extremely distinct. The 
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nuclear background had almost the same appearance as the cytoplasm, but the 
ground glass markings were coarser and the basophilia slightly greater. The 
nucleus and cytoplasm were so similar that if it had not been for the sliarplv 
outlined nuclear membrane it would have been difficult to distinguish between 
them. One or two nucleoli were usually present. Definite mitochondria were never 
seen although in a few cells a faint suggestion of minute, pale blue dots was 
noted. A striking contrast to this was observed in the case of lymphocytes 
present in small numbers in many of the preparations. 

The failure of the cells to take up neutral red was their most striking charac- 
teristic which distinguishes them from monocytes, epithelioid cells and clasmat- 
tocytes; hence they differ from the essential cells of tuberculosis and experimental 
syphilis. These differences are probably of a functional and developmental rather 
than of a genetic nature. (3) The cells probably arise from the undifferentiated 
mesenchymal elements of loose connective tissue, although it is possible that 
endothelial cells take part in their formation in some instances. (4) Since there 
is little doubt that the subcutaneous rheumatic nodules are pathologically identi- 
cal with rheumatic granulomata elsewhere in the body, these conclusions are con- 
sidered applicable also to the Aschoff bodj’ cells of the mj'ocardial submiliary 
nodules. 

Hamilton, Joseph E., Lichty, Joseph S., and Pitts, William B.; Cardiovascular 
Eesponse of Healthy Young Men to Postural Variations at Varied Tempera- 
tures. Am. J. Physiol. 100; 3S3, 1932. 

Tilting subjects from a horizontal to a vertical position head up, has certain 
effects upon the cardiovascular response at all temperatures. The systolic pres- 
.sure curve remains nearly level, while the diastolic pressure steadily approaches 
it as the vertical position is neared. The resulting pulse pressure shows . a 
physiological narrowing. The pulse rate rises steadily to a maximum at SO or 90 
degrees. When the subjects are returned to the horizontal position, the pulse 
pressure immediately widens in excess of the reading at the commencement of 
the experiment. The pulse rate rapidly drops. 

The effects of high temperature are as follow.®: The systolic pre.ssure tends 
to fall slightly at the higher temperatures, but since the diastolic pressure curve 
is lowered more thau is the systolic pressure curve, the pulse pressure is wider 
than at room temperature. The pulse rate increases directly as the temperature. 
In this study there were three instances of fainting at 120° F. and one instance 
at 130° F. all occurring above the angles of 50°. 

Tilting experiments were carried out in which the subject's ventilation was 
measured by means of a special spirometer. The results show a steady increase 
in ventilation as the subject is tilted from horizontal to vertical, a mechanism 
which by its aspirating effects helps to return the blood to the right heart in 
erect positions. 

In regard to a scoring .system of cardiovascular efficiency, the authors feel 
that the data obtained in these experiments justify only a general estimate of 
any given response such as “good," “fair," or “poor." 

Turley, F. 0., and Harrison, T. B.: Eespiratory Measurements as Affected by 
Smoking and by Athletics. Am. J. M. Se. 183: 702, 1932. 

Eespiratory measurements were made on a gi’oup of /o medical students and 
on 13 football players in active training with the idea of determining whether 
persons who smoke excessively are more short winded than individuals who do 
not smoke. As a result of these measurements of ventilation, the following 
conclusions may be drawn. “Heavy smoking," twenty cigarettes or more a day 
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for several years, does not sigiulieuwtly dimhiisli the respiratory omcicncy ni tlic 
per/orniaiico of nnlcl and moderately severe exercise. Atldctic individuals arc 
not nuicli more ellieient than sedentary per.sons in the pcrforinanec oi: mild exer- 
tion but arc considerably more ellieient in carrying out moderately severe exor- 
cise. Individuals who have once been highly trained remain extremely ellieient 
in their breathing for a number of years after giving up active training provided 
they take fairly regular exercise. 

•Weiss, Soma, Eobb, George E., and Ellis, Laurence E.: The Systemic Effects of 
of Histamine in Man "With Special Reference to the Responses of the Cardio- 
vascular System. Arch. Int. !Med. 49; SGO, 19152. 

A study of the systemic effects of hi.stainine in man and a discussion of the 
physiological and pathological idle of hi.stainine based on these observations are 
presented. 

Following the single or continuous intravenous uduuuist ration of liistamiue. 
the latter is eonverted promptly into ineffective substances in the human body. 
The persistence of the action of liistaminc in man is of but a few mimitcs’ dura- 
tion. With uniform intravenous infusion, the bodily changes induced are prac- 
tically stationary. The minimal effective amount of histamine base in man is 
is about 0.003 mg. per minute corre.'Jponding to a concentration of about 
1:2,000,000,000 parts in the circulating blood. The maximal amount of histamine 
base, administered intravenously, that produces toxic manifestations i.s 0.15 mg. 
per minute. 

Relatively small amounts of bistnmine cause a depression of the T-waves of 
the complo.xes of the normal electrocardiogram. \Yith elevation of the dosage, 
the degree of depression increases until the T-wavo may become inverted. After 
a single intravenous dose, the cluuigc in the shape of the T-wavc is instantaneous 
with the arrival of histamine in the coronary circulation, and within one minute 
there is a tendency to return to the normal shape. Changes in the T-wavo.s are 
not associated with any symptoms or signs referable to tlie heart. Histamine in 
amounts up to toxic doses in observations of two hours’ duration fails as a rule 
to produce any lowering of the sy.stolie arterial blood pressure. The diastolic 
arterial blood pressure shows a tendency to fall, but in numerous instances it 
also remains unaltered. With increasing amounts there is a progressive rise 
in the cardiac rate. The venous pressure is either unaltered or slightly elevated. 

The effect of histamine on the cutaneous blood vessels is not uniform. The 
most characteristic effect is a dilatation of the venules and small veins. This 
effect is frequently independent of the dilator effect on the arterioles. In one 
gioup of subjects, even toxic doses fail to prodvice a dilatatiou of the arterioles 
as judged by the cyanotic flush and lack of elevation of the surface temperature 
of the skin. In a second group of subjects the arteriolar dilatation develops when 
a larger dose rather than one that produces a dilatation of the venules is admin- 
isteiod. In a third group tlie dilatation of the arterioles and venules occurs 
simultaneously. 

fi'ciii the degree of elevation of the pressure in the minute vessels 
0 t ve skin, the arteriolar dilatation following large iiitravonous doses of histamine 
ight as compared with that following the local intracutancous application 
Jnstamino base in a solution of 1:3,000. The difl'erent types of observations 
conclusive evidence that the minute cerebral vessels of man 
^ spend to histamine with conspicuous dilatation. A certain parallelism exists 
a n^'^T ®pJ'sitivity of the facial and the cerebral vessels to histamine. In 
uiimei of instances the cerebral vessels were even more sensitive than the 
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facial vessels, and cerebral -arteriolar dilatation follon’cd the intravenous admin- 
istration of such small amounts as 0.003 mg. of histamine base. 

The cardiac output per minute following the intravenous infusion of from 
0.02 to 0.03 mg. of histamine base per minute increases by an average of 1.5 
liters or to 20 per cent above the normal value. Simultaneously there is a slight 
fall in the stroke volume. The mean velocity of blood flow shows a slight but 
distinct increase. The basal metabolism becomes elevated and may reach values 
50 per cent above the normal. There is a slight fall in the respiratory quotient. 

A study of the chemical constituents and certain physical characteristics of 
the blood together wdth its hemoglobin combining powmr indicates that with the 
administration of histamine, transudation of small amounts of w-hole plasma 
occurs. This amount is too small to be demonstrated by the measurements of' 
the total blood volume with the d 5 ’'C method. Histamine produces no demonstrable 
changes in the pulmonary ventilation or in the state of the bronchioles of normal 
persons, but has a definite bronchial constrictor effect on patients wuth bronchitis, 
bronchial asthma, emphysema and cardiac asthma. 

Histamine when administered orally in massive doses is ineffective; hence its 
role in intestinal intoxication is highly questionable. 

Evidence is presented that during the administration of histamine substances 
arc formed or vasomotor reflexes develop which act antagonistically to histamine. 
The degree of peripheral vascular dilatation in man induced by histamine is not 
marked, and the distribution is not wddespread. The vasodilator effect of hista- 
mine is promptly counteracted by an increase in the cardiac output and in other 
regulatory functions. A certain parallelism cxi.sts between the circulatory re- 
sponses that follow exercise and those that follow the injection of histamine but 
this parallelism is incomplete. The vascular and other bodily responses induced 
by histamine in man differ fundamentally from those observed in anesthetized 
cats and in patients wdth traumatic shock. The role of histamine in traumatic 
shock is therefore considered doubtful. 

Shelburne, Samuel A., Blain, Daniel, and O’Hare, James P.; The Spinal Fluid in 

Hypertension. J. Clin. Investigation 11: 489, 1932. 

A study of 50 cases of hypertensive disease showmd 21 to have increased 
intracranial pre.ssure. Papilledema and increased intracranial pressure occur more 
frequentH with renal failure but are also found where renal function is normal. 
Papilledema was almost always associated with increased intracranial pressure. 

Headache is more frequent in the presence of increased intracranial pressure 
and papilledema hut occurs without either one. Tlie results indicate that lumbar 
drainage for relief of headache is not justified. Increased intracranial pressure 
seems more often associated wdth high diastolic blood pressure, but the authors 
feel that both are probably the result of some common factor and neither is 
caused by the other. The cause of increased intracranial pressure is not accounted 
for in 50 per cent of our cases which have neither renal insufficiency nor in- 
creased venous pressure. 

Heyl, Arthur F.: Auricular Paroxysmal Tachycardia Caused by Digitalis. Ann. 

Int. Med. 5: 85S, 1932. 

The author reports the case of an adult male past middle age with hyper- 
tension and congestive heart failure in whom it wms observed that digitalis which 
gave him relief from dyspnea, cough, edema and passive congestion at the .same 
time induced auricular paroxysmal tachycardia .followed by a tw’O to otic block 
in which the abnormal auricular mechanism prevailed. These abnormal rates 
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ami rhythms oecuriTd only as tho rosnU, of .liptnlis ndministrution. Xo other 
toxic symptoms doe to di/jitnlis ever occurred even with full ciilculated doses. 

Varioiis aietiiod.s, such ns ofTort, deeply held iiisidratious, forced cou{,dunK and 
aiiivl nitrite inhnlntious. were utilized in uu nttem]d to induce the attaclcs both 
in the presence and in the absence of diptnlis administration. AVhen no digitalis 
was bciuK udmiiustered limy were consistently unsuccessful. 

Yarions attempts were made to ascertain tlie elVects of vayns stimulation. 
^Yhile. he was free from dittitalis, external vamis stimulation did not produce 
anv chnntte in the cardiac rate or rhythm nor any electrocardiographic variations. 
Neither did dicitulis alone even in full dosa^^o slow the ral<‘ ns would have been 
true had it acted directly on the vatxus. 

The author points out that jiraphie methods are esimcially favorable for diaj^- 
nosis in patients with, sinus tachyenrdin, particularly in those wlio need and 
are receiving liigitaiis. In (his inst!tnc<> ev<>it mild (loses n;peatedly resnltcd in 
aaricidar pam.vy.vf/a'tl titohymr<}iii with or withoiii ii iyyi> )o miu rvitl) a rapid 

veatricular rate whicli withoni electrocardiographic control might naturally have 
led to the futile use of mort> digitalis and increased toxicity iJi an elTort either 
to slow the ventricular rate or to (ireveiil the often reenrring '‘elinical” aurieidar 
paroxysmal tuehycurdia. 

Duff, G. Lyman: Medial Degeneration in the Aorta of the Rabbit Produced by 

Diphtheria Toxin. Arch. Path. 13; oA'A, Hi.TJ. 

Successive intravenous iii.iectioiis of diphtheria toxin in .suitable (jn.antitie.s 
produce in rabbits severe nnalial degen(‘rali<»n of the aorta and its large brauebes 
within from eiglit to fourteen days. Damage to the arteries is probjibly the result 
of the direct toxic action of diplilherin toxin on the media. 

The changes in the media are most amrked in the arcli and thoracic )>ortion 
of the aorta rc.snitiag in thinning of the arterial wuH. dilatation and the forma- 
tion of aneurysmal sacs. tVitli tlie establishment of calcification, transverse lis- 
.surcs appear on thi* intimal surface. Tlie )<*sion coninience.s in the middle third 
of file media primarily as a cloudy swelling, degeneration and necrosis of muscle 
fibers. Fatty changes occur in the prnce.ss at least in its later stages. Elastic 
fibers, .sliglitly later, also undergo degiMieration with tlie loss of elastirity and 
the development of stiflnes.s and rig'idily even before the ajipearaneo of ealeifica- 
tion. Calcification is first seen as a finely granular dejw.sit in tbo debris of 
degenerated muscle fibers but later involves also the olnstic fibers and becomes 
iiio.st prominent in them, 'fliese clianges were found in young unimals and are 
different from those which are obsi'rvod in older animals. 

Direct application of these results to human dijdithcria is rat her precarious. 
One might suggest, however, the possibility of a relationship. Many investigators 
que.stioiied (he statement that damage to the heart alone is sulVicicnt to 
account for the circulatory collapse in rapidly fatal eases of diphtheria. Ac- 
cordingjjj damage to \'asomotor ccatcrs has been invoked as a factor contributing 

0 this collapse. It would seem at least jiossiiile from tlio present experiments 

‘a direct damage to pcriiiheral arteries way also have a bearing on this 
pnenomcnon. 


Electrocardiogram In Diphtheria. Quart. ,T. Iilod. 1: 277, 

mollv bivestigation was to uitempt to define the change.s eom- 

thom fnT ’v ‘^''^'^trocardiognun in the conr.se of diphtheria, to correlate 

tion in n r'" condition and to as.so.s.s the value of this form of invc.stiga- 

” in a fever hospital. 
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It was found that while a large proportion of cases having mild myocarditis 
arc undetected by clinical methods, such cases become comparatively rare in the 
moderate and severe types of diphtheria. Hence for practical purposes the char- 
acter of the heart sounds is usually a sufficiently accurate guide to the state of 
the myocardium. 

Of the various physical signs in the heart taken to indicate myocarditis in 
diphtheria, the most valuable as confirmed by simultaneous electrocardiographic 
records are; (a) progressive softening of the first heart sound at all areas 
especially the mitral and aortic areas; (b) the character of the cardiac impulse 
at the apex and movement of the apex beat to a position farther away from 
the midline; (c) splitting of the first mitral sound producing a triple rhythm. 

Serial electrocardiographic records show that with the onset of diphtheritic 
paralyses there is in a considerable proportion of cases a simultaneous relapse 
in the condition of the heart. This fact is much less frequently observed when 
clinical methods alone are employed. Although gross degeneration of the heart 
muscle and specialized conducting system are frequently shown by the electro- 
cardiograph during diplitheria these lesions are mostly transient. Complete heart 
block is by far the commonest lesion associated with circulatory collapse ending 
fatallj’’, ' but complete block is probably only a contributorj^ factor in a condition 
characterized by uidespread changes in the circulatory system. 

The severity of the cardiac lesion is usually proportional to the severity of 
the toxemia when specific treatment is eominenced. There are, however, cases 
in which neither the clinical nor the electrocardiographic abnormalities are suf- 
ficient to account for the state of impending circulatory collapse which is often 
seen in diphtheria. 

It is concluded that the electrocardiograph is a valuable means of estimating 
the severity of diphtheritic myocarditis and the only means of accurate diagnosis 
of conductive lesions in the majority of cases. The clinical signs which are most 
closely related to the electrocardiographic findings are those dependent on cardiac 
function. The significance of persistently abnormal heart sounds can be safely 
estimated by the electrocardiogram and the patient's response to effort consid- 
ered together. 

Salley, S. M.: An Unusual Atropin Effect on Ventricular Tachycardia. Am. J. 

M. Sc. 183: 456, 1932. 

A case of coronary thrombosis was observed showing ventricnlar tachycardia 
"with a rapid ventricular rate. The ventricular rate was frequently sloxved bj 
increasing doses of quinidin to 110 or llo, but the tachycardia could not be 
abolished. Immediately following one dose of 0.002 gm. of atropin sulphate this 
abnormal mechanism disappeared uncovering complete heart block with a slow 
idioventricular rhythm. It is believed that the circus movement was broken up 
by atropin through its paralyzing effect on the vagus. 

Nathanson, M. H.: Coronary Disease in 100 Autopsied Diabetics. Am. J. kl. Sc. 

183: 495, 1932. 

An analysis of 100 autopsies upon diabetics shows an incidence of -11 pjjr^cent 
of severe coronary disease. Above the age of fifty years the incidence is 01..1 per 
cent as compared with S per cent in an even larger scries of nondiabetics of 
the same age. The frequency of coronary disease is almost as high in the female 
as the male. 

The incidence of hypertensive hypertrophy of the heart indicates that hr'pm- 
tension is only slightly more frequent in the diabetics than the nondiabetics. 
In diabetics with gangrene the incidence of coronary disease is higher than 
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in the uiicoinplicivtod wisi's. 'i'lu' ' essentiul unv.Vuu- lesion of aiubetes is e.oroimvy 
sek'vosis. Other types of cunliae. disoiisc are of reliitively nu e oeeurrenec. I he 
etioloftical relationship between diabetes and arteriose.lerosis is discussed. 


Bto-wit, Herbert H.: Tooth Extraction and Chronic Infective Endocarditis. Brit. 
Ai. J. 1: 790, 

The danj^or of extraetinn teeth with apical sivcptoeoecal infection is a real 
one, and the author feels convinced that the danger i.s increased if local anesthesia 
by infiltration of the gum is made use of. It is not feasible to estimate before- 
hand the. patient’s resistance to the infecting organi.sni and cnltnros often cannot 
be made until tbe tooth is extracted. 

It is suggested that as a precaution, especially iii the case of an individual 
already sulTering from vahudar disease or one who mny seem for other reasons 
to he liuhle to have a weak resistance, to extract one tooth only in tlic first 
instance under a general unosthesiu. Bnder these conditions, a culture mny be 
made and, if possible, the ])atient's blood may be tested for bactericidal jiowcr 
against the organism. 


Brown, George E,; Erythromelalgia and Other Disturbances of the Extremities 
Accompanied bj’’ Vasodilatation and Burning. Am. d. Ai. fjc. 183: -UiS, 1032. 

A series of SI jiaticnts whose major complaint was burning in the feet or 
hands was studied to determiue the relationship, if any, of the Viuniing distia'ss 
to the .surface tcmiierature of th<' affected part, the variation in surface tempera- 
ture and local symptoms in relation to posture, exercise and exposure t<i heat ami 
cold; to defermiae in a small grouji of patients by the method of indueing fever, 
by injection of foreign proteins, the. thresholds for )>erception of the burning 
sensation, in reJntion to .surface temiicrufare n'gioas in which the huraiag wa.« 
felt, nml whether or not the patients eould bo relieved in mses in whieh the burn- 
ing distres.s of a paresthetic type was present by indneing spinal nne.sthesia to 
ihc point of total analgesia in the feet. 

The nutlior discusses the dillieultics in establishing a diagnosis of this disease. 
Four funduineiita! criteria whieh are essential are mentioned. The methods of 
study to distinguish between the different eomlitions in which burning oxtrctnitics 
occur arc outlined. Tlie treatnient of this condition remains unsatisfactory. 


Tearse, Herman E., and Morton, John J.: The Blood Pressure In the Arteries of 
the Extremities in Normal Subjects and in Patients With Peripheral Vascular 
Disease. Am. .T. AI. Se. 183: -185, 1932. 

The efiect of altering the position of a limb on the blood ]>rossurc of the 
peripheral arteries hns been stndied, Tt was found that iilteratiim of an e.vtroinity 
louorod the blood pressure while its dot>rcs.sioa raised the iatvuveut vieular pres- 
sure. Pheso resnlt.s correlated with the thcoreUeal hydro.sinfic change of such 
a nianouver. 

In peripheral vascular Icsioji.s it is c.s.sciitial to know the. condition of the 
main aiterics as well as that of the arteriolar and subpapillary braachos. 'Phe 
^asQconstiictor inflnonce upon (ho latter strueturos is demonstrated by a skin 
temperature rc.sponse to known agents. The state of the main vessels can only 
m determined by estimation of tlio perceptible pulse or by oscillometry. 

lm.st the Paclion instrument, has been the standard for oscillomctvic 
ce enmnations. The Tyco.s recording spliygmonmnomctor hn.s tlio advantage of 
giving an accurate, permanent calibrated record for this purpose. The use of 
to '"’111* l^hc special ciilT.s devised is comsidered desirable not only 

pliy.sLlog"^° cendition of the vessels in disease but also to study vascular 
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Diseases of the Coronary Arteries (Myocarditis). By Don C. Sutton and Harold 

Lueth. The C. V. Mosby Company, Saint Louis, 1932, pp. 164. 

This volume is evidence of the increasing interest in arteriosclerotic heart disease 
(one regrets that the authors retain the term "Chronic myocarditis"), and while 
it does not add new facts to our knondedge it brings togetlier, especially for the 
clinician, many recent observations. The book is geuerousl}' illustrated and con- 
tains many references, quotations, and case reports; it gives evidence, however, of 
hasty preparation. The interpretation of several of the electrocardiogi’ams is open 
to serious question and some of the quotations fail to illustrate the subject under 
discussion. The book is evidently the result of indepeirdent investigation and wide 
reading, and the bibliography alone would repay careful study. E. E. 

Semiologia de la Onda T del ElectrocardiograjiIA y su Intrepretacion Clinica. 

By Antonio Battro. Buenos Aires, 1931, Sebastian de Amorrortu. 

This monograph of 120 pages with 66 illustrations is concerned solely rvith the 
T-wave of the electrocardiogram, its form and significance in tracings from persons 
with normal hearts and in those from patients with various types of heart disease. 
There is also a discussion of the prognostic value of changes in the T-wave. It is a 
careful and detailed study of a limited field. E. R. 

KLINISCHE ELEKTROKARDIOGRAPHIE MIT EINEM Grundriss der Arhythmien. By 

Dr. ‘VVilhelm Dressier, assistant at the Herzstation in Vienna. With an introduc- 
tion by Prof. Dr. C. J. Rothberger. Second, revised edition, with 118 illustrations. 

Berlin and Vienna, 1932, Urban & Schwarzenberg. 

This volume was written to supply the need in tlie German clinics for a clinical 
book on electrocardiography. 

The introduction by Professor Rothberger emphasizes the importance of this need, 
and the fact that such books have appeared in English and American literature 
for many years and have been of great educational value to the general practitioner. 

The book follows very closely the general scheme of similar books published by 
American authors. It fulfills its purpose in that it gives the general practitioner 
an excellent idea of what the electrocardiogram is, and what information it may 
convey. 

The section on the electrocardiographic evidences of myocardial disease is unusual- 
ly good. Unfortunately the author at times gives only single leads to illustrate the 
cardiac disturbances. The time marker also is missing from many of the curves, 
and in others it is very indistinct. 

Dr. Dressier still adheres to the original description of right and left bundle- 
branch block. The recent interpretation of bundle-branch block will doubtless be 
incorporated in the next edition. 

The clinical manifestations of the various cardiac disturbances are given in 
rather sketchy fashion and there is no bibliograplo'. 

M. A. S. 
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THE INCIDENCE AND SIGNIFICANCE OF THE DEEP Q-WAVE 
IN DEAD III OF THE ELECTROCAKDIOGRAAP 

JosKi'ir Edkikkx, !M,D.. and Cuakuw Chkistian WoiA'EUTn. jM.D. 

PiiiiiAnEunjiA, ]\\. 


TN 192G, Wilson’ stated that a dcej) Q-Avavc in Ijoad 111 is an important 

olectroeardiogra]-)hi(> tindinjr lollowiiijr coronary occlnsion. Parkin- 
son and Bedford' and Levine" al.so noted llii.s wave in sonie ol’ their ease.s 
of coronary occlusion. Pardee’s work.' imwever. was the first to arouse 
widespread interest in tlie Qdl wave. His contributions ineUidc (a) 
the proposal of criteria to sei)arate si«rnificant from nonsifrnifieant Q-3 
waves, and (b) a study of the incidence of presumably sip:nilicant Q-3 
waves in clinical material. His eonclnsions inelmb' the followin<r 
statonicnt-s; 

“The findinji: of a larjre Q-3 indicates ilisease of the left ventricle, so 
that the right ventricle predominates during tiie spreading of the con- 
traction in spite of the left axis deviation or normal axis.” 

“The ma.iority of such reeords arc obtained from patients with the 
anginal syndrome, but certain patients with myocardial fibrosis and con- 
gestive, failure, certain patient.s with rbonmntic heart disease, c.speeially 
with pericarditis, and a few with hypertension will give sncl) records. 
Certain patients who have cai’diac symptoms but no definite evidence of 
cardiac di.sea.se have been found to show this large Q-3.” 

‘The occasional finding of a large Q-3 in normal hearts may be duo 
to an unusual distribution of the branebes of the A-V bundle, and a 
high position of the diapiiragm may be a contributiiig factor.” 

In tliis paper, the material at our disposal has been analyzed in an 
attempt to evaluate the importance of Q-3. Wc have adhered to the 
criteria for a significant Q-3 proposed by Pai'dee. 

Our cases have been divided arbitrarily a.s follows: 

b A. Seven iiuiulred .and niiio presumably uonual college students. 

. b. One hundred and seventeen college athletes. 

versity^'J^ Peni^yh^ania^’ Poniutation, AleOical Clinic, Ho.spit.al of tlie Uni- 
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II. Five hundred cases from the wards and cardiovascular section. The onlv 
cntena for inclusion in this gi-oup included (1) adequate records, (2) un- 
questionable evidence of cardiovascular disease, 
in. Nineteen hundred unseleeted electrocardiograms from the tiles of the Cardio- 
graphie Laboratory. 

One hundred and sixteen cases having the anginal sjndronie. 

V. One hundred and forty-five corporation executives.' 

TI. Twenty-five pregnant women. 


There is no overlapping among Groups I, III and VI. Cases in 
Groups II, IV and V -which happened to be studied -within the time 
period of the material in Group III are included.! 

Group 1 . — The records of 709 apjfarently normal college students 
-u’ere made ai’ailable bj* Dr. Francis Clark Wood. In this group, not a 
single significant Q-3 -«-as found. There were nine tracings in which 
the amplitude of a Q-3 was sufficient to satisfy Pardee's requirement 
in this respect, but they did not fulfill certain of his other criteria, 
since all sho-«-ed either right axis deviation or a tendency toward tliis 
deviation. 

The records of one hundred and seventeen athletes of the University 
of Pennsylvania were also made available by Dr. Wood. This group 
included members of the crew, the football, soccer and lacrosse teams. 
One significant Q-3 wave was found. The recorded physical examination 
of this individual disclosed a notation of systolic and diastolic murmurs 
at the apex. Through an error in filing this record had been placed in 
the normal group. Another tracing showed a Q-3 wave of sufficient 
depth, bu.t there was a tendency toward right axis deviation. 

Group II . — The electrocardiograms of 500 patients with definite 
cardiovascular disease were examined. This group included the usual 
types of patients seen in the ward and the out-patient cardiovascular 
clinic. 

There were 31 (6 per cent) significant. Q-3 waves in this group. The 
etiological diagnosis of the patients showing a significant Q-3 wave were : 

I. Eheumatie type, 3 cases.- (a) mitral stenosis, 1; (b) mitral .steno- 
sis and aortic insufficiency, 2. 

II. Hjqjerteusion and/or arteriosclei’osis, 15 eases. 

III. Syqjhilis, 8 eases: (a) aortitis, 5; (b) aortitis and aortic insuffi- 
ciency, 2; (c) aneurysm, 1. 

IV. Thyi’otoxic heart, 1 case. 

V. Etiology undetermined, 4 eases. 

. The youngest patient showing a significant Q-3 Avas thirty-two years 
of age. the oldest seventy-two. PiA^e eases (16 per cent) Avere found to 


*The data In this group tvere obtained from routine health examinations hv Dr. 

?Group^IIl''represent.°^a“cross section of material from all sources sulsj^ected to 
elecWocardiogUhic Sy in this Clinic. Time verio ^^ ! 
in each period tracings were taken consecutively. No more than one tracin„ oi an} 
one patient was included. 



KDKIKEX AKl) WOl.FICUTM : THH DliEP (J-\VAVE IX LEAD 111 


G97 


have tlie anginal symlroine. ]n tAvo cases, one arteriosclerotic and llie 
other of -lmkno^vn etiology, the hearts were transversely inclined by a 
high diaphragm, and both slunved definite evidence of cardiovascular 
disease. 

The electrocardiograms in 18 of the 31 eases with .significant Q-3 Avaves 
Avere otherwise normal; 8 showed T-wave changes; 4 slurred QRS com- 
plexes; and 1, complete heart-bloek. 

Group in . — Nineteen hundred nnselccted electrocardiograms taken 
from the files were examined in an attempt to determine the general 
prevalence of a significant Q-3 wave among the tyiies of material 
ordinarily studied in our cardiographic laboratory. Jn contrast to 
Group II, which consisted of ward and clinic patients, this group also 
included private patients. There were 78 (4.1 per emit ) significant Q-3 
waves in this group. Of these. 40 (5.2 ]>er cent) were found among 
768 private patients and 38 (3.44 per cent) among 1132 ward and clinic 
patients. The clinical classification of this group is slunvn in Table I. 

Of the 75 patients who.se record.s were available, or concerning whom 
information was obtainable from the referring physician, (>3 (84 per 
cent) could be definitely chussified as having eai’diovascular disease, and 
of this number, 22 (41.5 jier eeut) had a history of either angina pectoris 
or coronary occlusion, or both. 

‘ Taiiiu; T 


CliASStFlCA'llON or TUF, 78 CASKS TkO-M GltOUl’ lU KxUlItlTl NT. A DkeI’ Q-3 WaVK 
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’Without the ,'inginal syndrome. 


n this group, the marked predominance of angina pectoris and coro- 
naij oeelnsion in the private eases as contrasted with the Avard and clinic 

weT r uoteAVorthy tliat rheumatism, syphilis and goiter 

'e onnd more frequently among the .Avard and clinic cases. 


CAUDIAO SY]sn>TOMS (tAlUnM! SVAri’TO.NrS 

A(JK ANM) PlNDINOfi C'OMMKN't’a AflK AND PINDINCIS COAIMKN'I'S 
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The diagnosis of the twelve cases in the groups considered negative or 
doubtful were as follows: extrasystoles only — i, cardiac neurosis — 2, 
diabetes mellitus— 1, alcoholism— 1, renal glycosuria — 1, undiagnosed— 3. 

The data of possible significance from the cardiovascular viewpoint is 
listed in Table II. These cases presented diagnostic difficulties and the 
classification is arbitrary. Cases were classed as negative when none 
of the available evidence seemed to point to cardiovascular disease. 
There were fi\n cases in this group. Of these, three were elderly (fifty- ^ 
eight, fifty -nine and seventy -three years of age). The possibility must 
be conceded that cardiac damage, which we were unable to detect, was 
present. The other two patients were forty-one and twenty-six years of 
age; the former was obese, the latter had a transversely placed heart and 
his electrocardiogram .shoAved numerous extra systoles. 



V — of sipnifleant Q-I! waves. In each case a peHocI of several 
fiio ^ elapsed between the first and second tracinps. ^>1 and Ji are from cases witii 
‘^TS'inal .syndrome ; C (upper tracinp) is from a pregnant woman; the lower trac- 
ing a as taken several months after delivery. 


Seven eases were classified as doubtful because their complaints or 
findings pointed to cardiac damage but sufficient evidence was not found 
to Avarrant a definite diagnosis. 

In this entire group of 78 cases Avith significant Q-3 Avaves the eleetro- 
caidiogi'ains Avere otherwise normal in 38 cases; there Avere T-Avave 
ciauges in 32; the QRS complexes Avere slurred in four; and four cases 
-'iiOAATd various degrees of heart-block. 

woiip 7y.-_Tpe electrocardiograms of one hundred and sixteen cases 
syndrome (angina pectoris or coronary occlusion or 
(26 7 ^^ninined. There Avere 31 cases Avith significant Q-3 Avaves 
_ per cent). ^ The majority (62 per cent of the entire group) slioAA^ed 
a sm the QRS complex of Lead III in many shoAving (1) 

allTh r followed by a deeply inverted Avave and oeeasion- 

3 another upright aa^oa^c; (2) a single inverted AAmve; or (3) an in- 
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verted wave followed by an upright wave. Tracings repeated later in 
some of these patients showed changes in the QRS complexes, which al- 
though slight, were sufficient according to Pardee's criteria, to compel a 
reclassification. Some developed significant Q-3 waves and others lost 
them (Pig. 1, A and B). 

Among the 31 cases with significant Q-3 waves, the electrocardiograms 
were normal in other respects in eight cases ; T-wave changes were pres- 
ent in 22 cases. One showed numerous ventricular extrasystoles. 

Gro^ip P.~The eleetroeardiograms of 115 corporation executives were 
studied. This material Avas obtained from a health survey made by Dr. 
T. Grier Miller and one of us (C. C. W.). The cases studied comprised 
praeticallj'" all of the exeeutiA'es stationed in a single geographic unit of 
one corporation. The data Avere considered to haAm some Amlue as a con- 
trol partieularlj' for Group IV. None of these corporation executwes ap- 
peared to be sulferiirg from the anginal syndrome (although one has 
since dcAmloped coronary occlusion) ; ncA'crtheless their age incidence Avas 
comparable to that of sufferers from the anginal SAuidrome. Furtlier- 
more, they represent a class from which many victims of angina pectoris 
are recruited, namely business men carrying heavy resporrsibilities. 

There Avere eight significant Q-3 waves in this group. The clinical 
arrd fluoroscopic data of the eight cases were then studied and seven' 
showed evidence of heart disease. In the eighth individual, a man forty- 
seven years of age, repeated studies over the course of three years have 
failed to reveal arry eAudenee of cardiovascular disease. 

The eleetroeardiograms showirrg a sigirificarrt Q-3 Avave were otherAvise 
rrormal irr three eases; two shoAved T-wave charrges arrd three other 
abnormalities. 

Group VL — Irr order to determine whether a high diaphragm favors 
the production of a sigrrificairt Q-3 AvaAm, electrocardiograms of tAventy- 
five pregnant Avorrrerr (rrirrtlr morrth) Avere made. Irr evaluating the 
firrdings irr this group, cognizarrce must be taken of the fact that other- 
factors besides elevation of the diaphragm influence the heart during 
pregnarrcy. 

There were four deep Q-3 Avaves but only 3 (12 per cent) were con- 
sidered significant. The fourth was found in a tracing Avhiclr also 
shoAved a right axis deAuatioir. 

ScAmral months after delivery, electrocardiograms were repeated on 
tAvo of the three patierrts ; in both instances tlrere Avas a disappearance of 
the significant Q-3 waAm (Pig. 1, C). 

DISCUSSION 

Clinical Importance.-— The finding of but one significant Q-3 Avave 
among the electrocardiograms of 826 college students Avith presumably 
normal cardiovascular systems reflects the rarity of this wave in the 
tracings of healthy adolescents and young adults. Purthermore, the 
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fact that tills one signiiticant Q-3 wave led to the discovery that its pos- 
sessor had frank valvular disease, and that liis record had been improp- 
erly filed offers an illustration of the fact that this finding must not be 
passed over too readily. Pardee found two significant Q-3 waves in 227 
records from presumably normal individuals. In both of these the posi- 
tion of the heart was more horixontai than the average. 

The inclination of the heart in the body has been shown to influence 
the form of the electrocardiogram. In cases with high ])osition of the 
diaphragm, significant Q-3 waves appear to iic found more often than in 
controls. The disappearance of a significant Q-3 wave following deliv- 
ery ill two of onr cases sngge.sts that a change in position of the heart, 
as a result of an elevated diaphragm, had probably been responsible for 
tlie product ion of this wave. However, otlicr conditions influence tlie 
heart during pregnancy and may possibly he factors in the production 
of this wave. 

The percentage (6 per cent) of significant Q-3 wave.s found in 500 
ward and clinic cardiovascular eases corresponds closely to the figure 
(7 per cent) obtained by Pardee in a .study of 200 private cases. 
Willius,® however, found hut 300 significant Q-3 waves in 70,000 electro- 
cardiograms (0.04 per ccnl ), dlie differences of incidence doubtless 
depend mainly on the type of material studied (Table 111). Sixty-three 


Taiile III 



TOTAIj numheu 
WITH SIGNUM- 
CANT QaWAVES 

j 

ANGINAL 

SYNTUtOME 

HYrEirrENSiox 
AXD/OU ARTEKIO- 
SCLEJJOSIS WITH- 
OUT THE ANGI- 
NAL SYNDROME 

SYPniLlTlC 

CARDIO- 

VASCULAR 

DISEASE 

RHEU- 

MATIC 

TYPE 

HEjVRT 

DISEASE 

Pavdee (number 
of cases not 
stated) 

1 

i 

i 

27 (63%) 

2 (4.6%) 

1 

1 (2.32%) 

1 j 

4 (9.3%) 

E d e i k c u and 
Wolfertb; 500 
rrard and clinic 
cardiovascular 
eases 

1 

31 

^ 1 

5 (16%) 

lU (33%) 

i 

j 

S (25.8%) 

3 (9.7%) 

Willius, 70,000 ' 
cleetrocardio- 
grams 

300 

1 

115 (38.3 7o) 

1 

! 

153 (51%) 

1 

7 (2.3%) 

s (2.7%) 

1 


pel cent of the siguifieaut Q-3 waves in Pardee's group were found in 
patients suffering from the anginal syndi’ome, whereas the incidence 

ward and clinic cases in this study, 
uis found 38.3 per cent of all significant Q-3 waves in electrocardio- 
aianis of patients with the anginal syndrome. The percentage of deep 
other heart conditions also varies in different studies 

( I able III). 


ill n f eardiovascnlar cases, more Q-3 waves were discovered 

a leiits with hypertensive cardiovascular disease (with no anginal 
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history) than in cases with the anginal syndrome (whether -hypertensive 
or not). It is noteworthy that 8 of the 31 significant Q-3 waves in the 
group of 500 ward and clinic cardiovascular cases occurred in sj^ihilitie 
cardiovascular disease. Although the number of eases is small, it would 
appear that the relationship cannot be regarded as accidental. 

The incidence of Q-3 waves found in 1900 consecutive electrocardio- 
grams (4.2 per cent) is, as might be expected, lower than that obtained 
in the five hundred ward and clinic cardiovascular cases (6 per cent). 



Pig. 2. — ^Variability of Q-3 wave in successive beats; respiration \vas not deep. 



Fig. 3. — Lead III before and 
nificant Q-3 following occlusion, 
months. 


following coronary occlusion. Appearance of a sig- 
Interval between tracings was three and one-halt 


Among these 1900 there were many tracings made as part of a routine 
examination in patients who neither complained of cardiac s.ymptoms 
nor showed evidence of cardiac disease on physical examination. 

The high percentage (26.7 per cent) of significant Q-3 waves in the 
electrocardiograms of patients suffering from the anginal syndijme 
confirms the observation of Pardee that these patients show the deep 
Q-3 more often than cardiac patients in general. In Pardee's groiip o. 
200 unselected cardiacs, there were 30 cases of angina and 8, or w7 pei 
cent, of these showed a significant Q-3. This incidence is almost ic en- 
tieal with that of our group of 116 cases iifith the anginal sjmdrome. 

Although a Q-3 wave was seen in 26.7 per cent of patients with tie 
anginal syndrome and about 6 per cent of all cardiacs studied, the proli- 
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ability exists that it occurs in a much larger percentage oi: cases at one 
time or other. AVe liave jiointed out above that some ot‘ our cases of 
angina pectoris showed a signiticant Q-3 wave on one examination and 
failed to slioiv one on another oeca.sion (Pig. .1, A and 7i). As a matter 
of fact a single .strip of tracing may sliow tliis variation (Pig. 2). Piir- 
therniore, tlie Q-wave may disaipiear during an attack of angina pectoris 
as shown in a record ]niblislied by Wood, AVolferth and Livezey'* (Pig. 5 
of their paper). 


PiK. 


made 


oad III froin patient with rlieuniatic 
over a period of one year ; only one 


heart di.sease. Tlie three tracings were 
(/I) showed a siKnificant Q-3 wave. 



Parkinson and Bedford- have noted the Q-wave in Lead III in some 
otlieir eases of coronary occlusion (9 times in 28 publishe.d cases). 

KwgelP have demonstrated the marked frequency of this 
be r occlusion with septal involvement. The possibility must 

of that the Q-wave might have been present in some 

instnTf occlusion. In Pig. 3 is shown one of three 

coromr^ we have seen of the development of a Q-3 wave (after a 
The f Pad not been pre.sent prior to the occlusion. 

dLT'^ observed in cases of rheumatic 

ase. n the electrocardiogram of a young man with rheumatic 
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mitral stenosis, during an attack of paroxysmal auricular tacliyeanlia. a 
right axis deviation and a deep Q-3 wave were observed. Eiglit day.s 
later and five days after the cessation of the tachycardia under quinidine 
therapy, the right axis deviation and Q-3 rvere no longer present. In 
another case of rheumatic mitral stenosis (Pig. 4) only one of three 
tracing’s taken over a period of one year showed a deep Q-3 ware. In 
another ease (Pig. 5) a significant Q-3 wave appeared only after an 
extrasystole. 

The corporation executives used as a control, particularly for the 
anginal group, cannot be considered as an entirely normal group for 
some had demonstrable cardiac damage. The Q-3 wave was found in 
eight instances, and in seven of these there was definite evidence oi! 



pjn- 5 . — ElectrociJrdiograin of a patient with rheumatic heart disease. A significant 
Q-3 wave appears after an extrasystole. 


cardiac damage, although none complained of cardiovascular symptoms. 
Thus it would appear that the Q-3 wave is not only a fairly frequent 
finding in hvpertensive or arteriosclerotic heart disease not sufficiently 
advanced to^canse symptoms, hut that when present it has considerable 

diagnostic value. 


MECHANISM 


It is ffenerallv believed that the interventricular septum is concerned 
in the production of the Q-wave. According to Lewis,® activation of the 
septum is responsible for the Q-wave and the beginning ot the E-wave 
in all leads. It nmuld seem, therefore, that increase m amplitude ol th 
Q-wave beyond what is nsnally seen must be related to the spread ot the 
excitatorv process thronghont the septum. On this basis, severa possi- 
bilities that might account for a deep Q-3 wave suggest themselves: (1) 
The septum may be involved by a lesion which disturbs the spread of he 
excitatorv process: (2) the septum may be increased m size; ( 3 ) e 
septum mav be normal except for eccentricities m the distribution ot t 
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conduction patliways; (4) the septum may he doA’iated fi-oiu its usual 

position with re fereneo to Load in. 

1. Fcnichel and Kugell' found at necropsy a hitrli incidence of involve- 
ment of the jiosterior part, of tlie septum in the eases of coronary oeelu- 
sion wliose elect rocardiog-rams exliihited a deep Q-o wave. All of tlieir 
17 eases with large Q-3 revealed septal involvement at least in the ])os- 
terior part. In the 16 cases without a large Q-3 only one showed in- 
volvement of the posterior portion of the septum. In material such as 
we report, however, it seems inpirobahlc that ini'arction of the septum, 
or other damage severe enough to modify the course of the excitatory 
process materially was present in moi*e than a small minority of cases. 

2. The suggestion that enlargement, of the .se])tum may he resjionsihle 
ior a dee]) Q-o wave must remain for the present, at least, purely a specu- 
lation. The only point which we can make in support of this sugge.stioii 
is the comparative freipiency of deep Q-3 waves in sub.iccts with hyper- 
tensive cardiovascular disease and enlarged hearts. On the other hand, 
the great ma.iority of ])ation1s with marked enlai'gement of the heart 
and presumably some enlargement of the septum fail to show a deep 
Q-3 wave. Fiirthonnorc, many of the jiatienis who.se elcetroeai'diograras 
exhibit a deep Q-3 wave, have no apj)reciahle cardiac enlargement. Thus 
it seems unlikely that enlargement of the se])tum is a factor of ma.ior 
importance in accounting for the clinical incidence of the deep Q-3 wave. 

3. Anomaly of pathways of conduction (aside from actual defect in 
oonduction) is purely a thooreficai conception that lias been utilized 


previously, especially in the attcm])t to account for axis deviation in the 
absence of cardiac enlargement or displacement. Bnch a mechanism, as 
Pardee suggested, may bo thought of as a possible cxi)lanation of the 
deep Q-3 wave in eases with normally placed hearts which show neither 
evidence of enlargement nor other pathological changes. The rarity of 
significant Q-o waves in healthy young individuals, however, indicates 
that such an liypollie.si.s has little if any practical application. 

I- A factor which we believe deserves serious consideration, as a ma,ior 
cause of deep Q-3 waves, is change in jjosition of the septum with refer- 
ence to the plane of Lead III. There is considerable evidence to support 
such a view. The fact that on change in position one w'ave of the QltS 
complex may show marked changes without proportionate changes in 
otiei Waves wa.s demonstrated by Einthovon and deLint.'-' ''I’hey showed 
lat if ail electrocardiogram was made with the subject lying on the left 
and the procedure re])eated with the .subject on the right side, the 
ill p qP second tracing tended to he deeper than in the 
, a though there urns usually no material change in the R-wave. 

on dogs, Jteek and WilsoiP" demonstrated the marked 
cai'dior^ I'otation of the heart on the QRS complexes of the electro- 
of According to these authors, either uncomplicated rotation 

Jipex to the right on the anteroposterior axis or rotation on the 
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longitudinal axis turning the front of the heart toward the left will give 
curves characteristic of right-sided preponderance. The opposite move- 
ments will give curves characteristic of left-sided preponderance. Mere 
displacement of the heart to the right or left usually causes a combined 
rotation on both anteroposterior and longitudinal axes and produces 
electrocardiogTaphic changes which cannot be predicted because of the 
opposing effects of simultaneous rotation around the anteroposterior and 
longitudinal axis. For example, pulling the heart to the left produced 
left axis deviation in the majority of eases but also caused an increased 
incidence of Q-3 from 45 to 68 per cent in 30 experiments. Q-3 is fre- 
quently seen in electrocardiograms with right axis deviation and is 
seldom found in left axis deviation. Pulling the heart to the right side 
did not produce a right axis deviation ; Q-1 either appeared or, if already 
present, increased in 26 of 29 eases (90 per cent) and Q-3 was found in 



Pig-. 0. — A, Production of a deep Q-ivave by transferring the left leg electrode to 
the region of angle of left scapula (lower tracing). Upper tracing shows Lead III 
taken in conventional manner. U, A .significant Q-3 wave made deeper by the above 
procedure. 


only 34 per cent of all records, a decrease of 11 per cent from normal. 
This is not what was expected, since Q-1 is seldom found in right axis 
deviation. However, by limiting the movement of the heart to rotation 
around its longitudinal axis or by pulling the heart to the left or right 
and then correcting for the longitudinal rotation, they could produce 
tracings typical of left and right axis deviation. 

The observations of lileek and Wilson, therefore, have a bearing on (a) 
the varied effects on the electrocardiogram produced by attempts at rota- 
tion of the heart in the human, and (b) the findings of a deep Q-3 wave 
in electrocardiograms with left axis deviation. We attempted to pro- 
duce a significant Q-3 wave in subjects with presumably normal hearts 
by taking tracings with the body in various positions. Although marked 
clianges in QRS complexes wei’e produced by changes in position of the 
body and presumably of the heart, Q-3 was not produced. However, by 
rotating the plane of the lead in relation to the heart, the electrodes can 
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be so plaeiMl tliat a Q-wave is jn'caUu-od. 'Phis ean bo done by leaving- the 
left arm elootrodo in posilinn and transrorring the left leg eb'etvode to 
the region of llie angle of tlie bd‘t scapula (Fig. (i. A). Uy the same type 
of procedure a Q-wave already pre.sent can .sometimes In' made jirojmr- 
tionately deeper (Fig. (i, 7F). In certain ca.ses. however, Lead Til taken 
with the patient in tin' nprigbt position may be tlie most favorable pro- 
cedure for recording the (,|-wave. Tims in om' patient with aortic in- 
sufik'ieney and mitral stenosis, the electrocardiogram with the patient in 



PoH I'ffvs'V «>f j)"sUUm of ImUy -v 

left sUk- " ^ Tr;ii.-iiik oiUcii lifter 


Uv'i'p Q-'.'. 
.1. WlUi 


w.vve. 

initifiil 


.1. 

on 


the upright position sbowi'd left axis deviation and a dot'p Q-.‘j. By 
clianging the jmsition ol’ (he patient, it wtis jmssible to jirodnce right axis 
deviation and at the same time diminution of the. (’^-3 wave (l.t’ig. 7). 

Prom the above considerations, it would aiipear that not only may ro- 
tation of the septum determine tlie ju'e.sence or absence of a deoj) (^-3 
^'ave but the degree of i-otation need not be grc'at. The factors which 
fcterminc such rotation in human hearts are not well understood and 
must be studied further if the mechanism of (he dee]) Q-3 wave is to be 
"''oiked out. Ifor the jircsent \yc must content ourselves by calling at- 
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tention to the importance of the position of the septum with reference to 
the plane of the electrocardiographic lead. The reasons whj^ a deep 
Q-3 wave in association ■noth a normal electrical axis or deviation to the 
left occurs in a certain proportion of eases with evidences of mjmeardial 
damage and is rare in cases with presumably healthy hearts remain 
obscure. 

SUMMARY 

1. In the eleetroeardiogi’ams of 709 apparently normal college students, 
no significant Q-3 waves were disco A'ered. Among 117 college athletes, 
the onlj^ significant Q-3 wave occurred in an individual with rheumatic 
heart disease. 

2. A significant Q-3 wave was found in approximately 6 per cent of 
500 hospital, ward and clinic patients with cardiovascular disease. Al- 
though all ages were included, the youngest patient to show a significant 
Q-3 wave was thirty-two jmars of age ; the oldest was seventy-two years. 
Hypertension, arteriosclerosis and S 3 ’’philis were regarded as the etio- 
logical factors of the heart disease in the majority of eases, but signifi- 
cant Q-3 waves were also seen in eases of rheumatic and thyrotoxic heart 
disease. 

3. In nineteen hundred unseleeted electrocardiograms taken from the 
files of the Cardiographie Laboratory, including ward, clinic and private 
patients of all ages, there were 78 (4.1 per cent) significant Q-3 waves.. 
Of the 78 individuals exhibiting the significant Q-3 waves, 63 were classi- 
fied as having heart disease, 7 were placed in a doubtful group, 5 were 
considered negative, and 3 were not classified because of inadequate 
records. 

4. Thirty-one or 26.7 per cent of one hundred and sixteen cases of the 
anginal S 3 aidrome showed a significant Q-3 wave. 

5. Eight or 5.5 per cent of the electrocardiograms of one hundred and 
I'ort.v-five corporation executives showed a significant Q-3 wave. In 
seven of these eight eases there Avas. definite evidence of cardioAmscular 
disease, although the history in all was negative. 

6. A total of 149 significant Q-3 Avaves was found in the first five 
groups of this stud.y. The electroeardioginm Avas otheinvise normal in 68 
eases; 64 shoAved T-AvaA'e changes; and 17 other electrocardiographic ab- 
normalities. This sign, therefore, maj”- constitute the first electrocar- 
diographic change to inAute attention to the possibility of cardiac damage. 

7. TAA’enty-five pregnant Avomen in the ninth month, were electroear- 
diogi‘a])hed, and three AAnre found to sIioav significant Q-3 AvaAns. In 
tAvo of these Avho AAnre reexamined, scAnral months after deliveiw, the 
Q-3 AA'aA’c had vanished. 

8. Available CA-idence indicates that the conditions chiefij^ resiAonsible 
tor deep Q-3 AA’aA'es are either (1) a lesion of the septum Avhich interferes 
Avith the spread of the excitatory jirocess, or (2) deviation of the septum 
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from its usuiil jiosition Avilli roi'oivnco to Ijoad 111 of the. clcctro- 

cardiojrrain. 

!). Study of tlio fliiucnl incidonco of llu* dci'p Q-3 wave sugg-csts that, 
in iho majority of casus <‘lumgo of jHisil ion rather than injury severe 
enongli to alter tlio spread of the excitatory jiroeess, is the iin])ortant, 
factor in the ])rodnetion of tliis wave. 

10. Deep Q-d waves wliich conform to the criteria of l^ardce are oeea- 
.sionally prc.sent in electrocardiograms of jiatients who show neither evi- 
clonee of cardiac disease nor changes from the normal in the size and 
position of the heart. AVhether or not this is due to .some jicculiarity in 
the ventricular tissues lirst invmhsl by the excitatory process, cannot he 
.stated, ft is iniiiortant. however, to lake these cases into account when 
the attempt is made to evaluate the clinical signilicanee of the deeii Q-d 
wave. 
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HEART DISEASE IN THE AMERICAN NEGRO OF THE SOUTIH^ 

Edward H. Schwab, ]\I.D. 

Gadvestox, Texas 

AXD 

Victor E. Schui^ze, j\[.D. 

Rochester, IMixx. 

A RECENTLY reported investigatioiV discloshig tlie greater preva- 
lence of organic heart disease in the negro as compared with the 
wliite race makes pertinent an examination into the incidence and course 
of this group of diseases in the black race, a subject heretofore inade- 
quately considered.-’ * 

Among 10,188 new patients (4,252 white and 5,936 negro patients) 
seen in the Medical Division of the Dispensary of the John Sealy Hos- 
pital during the past seven and one-half years, there were found 1,660 
cases of organic heart disease. This group comprised 488 white patients 
and 1,172 negro patients, which makes the incidence of organic heart 
disease in medical patients for the two races 11.5 and 19.7 per cent, 
respectively. It follows from this analysis that in the medical patients 
seen in this Dispensary organic heart disease of all varieties occui’s one 
and seven-tenths times more often in the negro than in the white race. 

The average age of the negroes with all types of organic heart disease 
was found to be 46.6 years, whei’eas the average age of the white patients 
in the series was 56.3 years. Manifestly, organic heart disease of all 
varieties occurs on the average 9.7 years eaidier in the life of the negro 
than in the white patient. 

That the mortality rate from heart disease in the negro is higher than 
that in the white race is a well established fact. Dublin, “ in studying 
the death rates from the Industrial Department of the ^letropolitan 
Info Insurance Company, found that negro males show death rates 
from heart disease, during the main period of life, from 65 to 80 per cent 
higher than white males of the same ages and for negro women the 
rates are twice as high as for white women of .similar age periods. Cor- 
roborative of these facts is the report of 'Woody'' who, in a study of 
death rate statistics in the southern states, arrived at .similar conclu- 
sions. Holt' com])ared the death rates of the white and negTo races 
in Liltlc Rock and Arkansas and found the death rate from heart 
disease to be 80 per cent higher in the negro than in the white race. 

Not only is the mortality rate from heart disease higher in the negro 
than in the white race, but, likewise, the resulting morbidity is of much 
greater degree. It has long been a common observation of those ■who see 
many negro patients that a diagnosis of organic heart disease in the 

•I'roni Iht- Cavrtiao Clinic oI the John Sealy Ho.spital and the Department of 
Internal Medicine. T.'niversity of Texas, School of Medicine, Galve.ston, Texas. 
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ease of a iiegn) is of iiuicli more serious iini)or1 Hum a similar diagnosis 
<Tiven a while patient. Sueli, it is offered, would be anticipated in view 
of the fact that the economic status and mode of living of the negro 
would prevent him from cai'ing for himself in a manner that the white 
patient could and would. However, it shouhl he added that the same 
ditficultics are encountered in the ti-eatment of heart disease in any 
individual, regardless of race, who is dependent upon manual labor foi- 
sustenance. The ma.iority of the white patients with whom we have 
compared the negro in this regard were of ])rac1ically the same social 
stratum and worked and lived under similar conditions. Therefore, 
logical as the explanation cited may at tir.st ai)])ear. it fails to reconcile 
the discrepancy in the mortality and morl)idity i-ates from heart disease 
in the two races. 


iivmun'iCN.sivi-: ('AunioVA.scm.Ai; diskasu 


The ])roininenee of syphilis as a cause of heart disease in the negi’o is 
univer.sally appreciated; however, flic rob* ])layed by hypertension as 
a causal agent of heart disease in this race has failed to receive the 
emphasis which its imi)ortance as such a factor warrants. 

In our initial investigation ])reviously relei'red to. it was found that 
the incidence of hy])ei'ten.sive camliovascular disemse in the patients 
coming to tlu* ^ledical Division of the l)isi)ensary was 12.5 per cent 
for negroes and 4.9 i)er cent for white patients from which it follows 
that this type of heart disease in medical ]>atien1s in this Dispensary 
is of two and one-half limes greater incidence in the negro than in the 
white race. Analysis of these same data in I’cgard to both race and sex 
revealed the following incidems' ligui’cs: negro males 10. (J i)er cent, 
white males 3.7 per , cent, negro females 14.7 ])er cent, and white 
females 6.6 ])er cent. Tlu'se tigurcs justify the comdusion that in this 
clinic this type of heart disease is of three and one-tenth times greater 
incidence in the negro male than in the whiti* male, and of two anti 
two-tenths times greatei' incidence in the negro female than in the white 
female. It is also obvious that hypertensive cardiovascular disease in 
this clinic occurs one and oiu'-half times more often in the negro female 
than in the negro male. 

A compai’ison of the age incidence in the negro and in the white 
iwtients with this form of heart disea.se is in point, and the discrepancy 
m this regard is sufficiently striking to merit a detailed consideration, 
^lie average ages for patients Avith hypcidensivc heart di.sease were 
found to be as follows: white males 54.6 yeai’s, white females 51.1 years, 
uegi'o males 47.7 years, and negro females 43.4 years. The conclusion 
^stherelore justified that in this clinic hypertensive heart disease occurs, 
°u the average, seven ycai-s earlier in the life of the negro than in that 
° the white patient. An analysis of the ages of the patients in regard 


to the 


occurrence of hypertension by decades revealed that in white 
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patients the eases were distributed as follows: 20 to 30 years, 0.5 per 
cent ; 30 to 40 years, 3.4 per cent ; 40 to 50 years 30 per cent ; 50 to 60 
years, 40.4 per cent; 60 to 70 years, 23.1 per cent; 70 to 80 years, 2.5 
})er cent. These figures are in considerable contrast to tliose for the 
negro race which were as follows: 10 to 20 years, 0.13 per cent; 20 to 30 
years, 5.5 per cent; 30 to 40 years 25.1 per cent; 40 to 50 years, 34.2 
per cent: 50 to 60 years, 26.1 per cent; 60 to 70 years, 8.2 per cent; 70 



Chart 1. — A comparison of the occurrence by decade.s of hypertensive cardiovascular 
disease in the white and negro race.s. 

to 80 years, 0.7 i^er cent. Tlius, it is seen that the greatest incidence of 
hypertensive heart disease in the negro race occurs in the fourth decade, 
whereas in the white race the peak is reached in the fifth decade. And 
it is likewise apparent that 65 per cent of the eases of this tjqie of 
heart disease in the negro oeeur prior to the fiftieth year of life, where- 
as in the white race 65 per cent of the patients had already passed that 
])eriod in life. I’he most marked difference in incidence lies in the third 
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cleeadc at which time vascular liyporlcnsioii is of nearly eight times 
(rreater incidence in llie negro limn in the while race. The differences 
in the two races in this regard are dcjiicted graphically in Chart 1. A 
comparison of data conpnited in a like manner with reference to the 
occurrence of liyperlension in negi-o males and females reveals that this 
condition occurs earlier in the life of the female than in the male. This 
compilation discloses that apjn-oximately 71 per cent of the cases of 



*^*'■'•1 2. A coni))iiriHoii of tlio oceurronoo by (lecadcs of hyportenpive cardiova.'^cular 
tliKoa.se ill iieftro males anti feimtles. 

kyiierlension in the negro female occur prior to the fiftieth year whereas 
oul.y a? per cent of the cases in the negro male appear prior to that 
period in life. Likewise, it, is manifest, that the incidence in the third 
eeeade is twice as great in the female as in the male negro (Chart 2). 
Just as there is considerable diff'erence in the two races in regard to 
'e incidence and age ol! occurrence, so the course of hypertensive carclio- 
''aseular disease in the negro is quite unlike that in his white brother, 
wugli our patients were not snbcla.ssified into benign, severe benign. 
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and malignant types as suggested by Keitli and bis associates,® a small 
experience with negroes who have hj-pertensive cardiovascular disease is 
sufficient to inpiress one with the logic and merits of the use of the 
term ‘‘malignant hj^pertension,'’* for in the negro and particularly the 
negro in the third decade of life, the liypertension is frequently of a 
most fulminating tjqie, death ocem-ring early from what often appears 
to be a combined insufficiency of the heart, kidneys, and brain. The 
course of the disease in general is much more rapid, the complications 
promptly follow recognition of the hypertension, and death occurs 
much sooner than would ordinarily be anticipated in the white patient 
mth this disease. The inevitable complications of essential hyperten- 
sion manifest themselves in the negro predominately^ in the heart and 
kidneys. Cerebral hemorrhage is a much less frequent cause of death 
' ' ‘ the negro tlian in the white race. A study of the causes of death ob- 

,!cd from postmortem examinations in a small series of negroes dydng 
iiniii hypertension and its complications ydelds results appreciably 
•lii'ferent from those reported b.y Bell and Clawson® whose series, we 
.i^sume, includes only* white patients. Considerable difficulty^ was en- 
'■Duntered in many instances in determining the true cause of death, 
as in many cases renal and cardiac factors were inseparable. It should 
be mentioned that man.y of the deaths due to uremia were preceded by 
one or more breaks in compensation. Although the study^ is not ymt 
complete, it appears that the incidence of mymcardial deaths was about 
the same, renal deaths Avere about twice as common in the negro, and 
eei’ebi'al deaths, hemorrhage and encephelomalaeia, only’ about one-half 
as frequent in the negro as in the white race. 

.SYPHILITIC CARDIOVASCULAR DISEASE 

In the investigation referred to aboA’e,^ heart disease of this type was 
found to occur four times more often in the negro than in the Avhite 
patient, the percentages for the respectiA-e races being 3 per cent for 
the former and 0.7 per cent for the latter. The aA’erage age of the 
negro patient AA'ith this type of eai’dioA-aseuIar disability^ Avas 40.6 years 
and for the Avhite patient 45.5 years. 

That syphilis is much more prcA'alent in the negro than in the 
AA'hite race remains an undisputed fact. Nevertheless, we do not believe 
that the discrepancy in the incidence of .syphilis in the ttvo races is 
sufficient to account for the fact that syphilitic heai’t disease occurs four 
times more frequently' in the negro race, more particularly’ AA’hen one 
considers that the members of the Iaa’O races in this series Avere es- 
sentially of the same social stratum and economic status. Furthermore, 
in a given number of patients AA'ith s.vphilis equally' divided in number 
as to race, it is our belief that a larger number of negro patients AA'ill 
develop eardioA'aseular .syphilis than AA'ill AA'hite patients. Stone and 
Vanzant® have offered the opinion that the eardioA'ascular aiiparatus of 
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tlie negro is more susceptible to syphilitic infection than that of his 
■white brother. The appearance of cardiovascular syphilis at an earlier 
ase in the negro can be explained in part by the earlier sexual maturity 
of the negro who, consequently, is exposed to venereal infection earlier 
in life. It is probable that hard manual labor, though it does not en- 
iianee the predilection of the spirochete for the cardiovascular system, 
may be a factor in aggravating the resulting morbid physiologj^ with 
consequent earlier symptomatic manifestations. 

The relative paucity of cases of uncomplicated syphilitic aortitis (14) 
compared with the number of eases of aortic regurgitation (134) and 
aneurysm (31) appearing in the series referred to merits consideration. 
■\Ve are convinced that the eharaeteristie clinical picture of syphilitic 
aortitis with substernal pain and nocturnal attacks of dyspnea occurs 
very rarely in the negro. Of all patients placed in this category none 
had classical sjunploms, the diagnosis being made from physical findings, 
roentgenographic, and serological studies. 

The statements made eoneeriiing the course of heart disease in general 
in the negro race are particularly true in the ease of cardiovascular 
syphilis. Heart failure of this etiology is the beginning of an end near 
at hand. The few who survive the first failure make a partial recovery 
and live the life of cardiac invalids for a few’' months at the most. 


ARTERIOSCLEROTIC HEART DISEASE 


The remaining important etiological group in this locality, namely, 
the arteriosclerotic or coronary artery disease group, differs from the 
two types previously considered in that it was found to be more preva- 
lent in the wdiite race. The incidence for this type in the medical cases 
reviewed rvas 2.7 per cent for the negro and 4.1 per cent for white pa- 
tients. From this analysis the conclusion is permissible that this type 
of heart disease in this clinic is of one and one-half times greater in- 
cidence in the latter than in the former race. It should be remembered 
ni this connection that arterial disease in advanced stages is by no 
means uncommon in the American negro. The discrepancy in the in- 
cidence of this etiological type in the twm races is probably accounted 
for in a large measure by the fact that a greater number of the wdiite 


lace reach that period in life in which degeneration of the vascular 
h’ee coniomouly occurs. This explanation is corroborated by the findings 
of Holf wdio showed that the average duration of life in the negro w’as 
S-3 years less than that in the wdiite race. The opinion is offered that 
m those negroes reaching the sixth and seventh decades, the incidence 
ol the arteriosclerotic type of heart disease w’ould be greater than that 
oi the white race. This type of heart disease was found to occur, on 
’0 average, nine years earlier in the life of the negro than in the wdiite 
Potient. This fact is perhaps very significant in that it strongly sug- 
o'^sts an inherent inferiority of the cardiovascular system of the negro. 
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ANGINA PECTORIS 

In the 10,188 medical eases studied, only eleven eases of angina 
pectoris were found. The low incidence for this community is in accord 
■with the findings of other observers-’ ^ in the South, and is in contrast to 
the observations made by investigators^®’ in the North and East where 
angina pectoris appears to be much more common. A more relevant 
revelation is the fact that all of the 11 cases occurred in white patients ; 
in the 5,936 negro medical patients examined, the syndrome of angina 
pectoris failed to be discerned in a single instance. This discrepancy in 
the occurrence of angina pectoris in the two races is difficult to explani, 
particularlj^ because of the inadequacy of our Imowledge concerning the 
pathogenesis of this symptom complex. We can be almost certain that 
the cause for this difference does not lie in a dissimilarity of the patho- 
logical and functional changes to which the cardiovascular systems of 
the two races are subjected for the reason that these morbid processes 
are seen to occur more frequently and to be of a severer degree in the 
negro than in the white race. The possibility of there being an inherent 
anatomical difference in the innervation of the heart and great vessels 
in the two races is so remote that it commands no consideration. 
Roberts^- feels that the absence of angina pectoris in the negro is to be 
accounted for by the fact that nervous and mental strain does not enter 
into the life of the negro, whereas it is a potent factor in the white 
races of Western Europe and North America. Certainly, there is a pro- 
found dissimilarity in the psyche and sensorium in the two races tmder 
consideration. Therefore, it seems logical to assume that the basis for 
the discrepancy in the occurrence of this syndrome lies in an inherent 
difference in the sensitivity of the nervous systems in the two races. 

OTHER TYPES OF HE.ART DISEASE 

Unfortunately, the paucity of material representative of the rheumatic 
and thyrotoxic types of heart disease in the series studied does not per- 
mit consideration sufficiently satisfactory to merit the drawing of con- 
clusions. The incidence of these tjqies of heart disease in the group 
investigated was practically the same for the two races despite the fact 
that rheumatic fever and hyperthyroidism are appreciably more preva- 
lent in the white race. 


SUMMARY 

In view of the facts that heart disease in the negro as compared with 
the white race is of greater incidence, occurs at a younger age, pursues 
a more rapid course, and has a higher mortality rate, the opinion is of- 
fered that the cardiovascular sj-^stem of the American negro of the South 
is inferior to that of the white race, and is more vulnerable to insult 
whether this be applied as an infection, a degeneration, a toxemia, or in 
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the form of the stress iuul strain ine.iilont. to tlio eomiiloxities and inodes 
of modern occidental civilization. 
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THE BLECTEOCAEDIOGRAM IN LATE MIDDLE LIFE« 


Julius Jensen, M.D., :Milton Smith, M.D., and 
Edward D. Cartwright, M.D. 

Saint Louis, jMo. 

INTRODUCTION 

Tjj'LECTEOCAEDIOGEAPHIC diagnosis is increasingly concerned 
ivitli the earlj' recognition of degenerative heart disease occurring 
in late middle life, and minor changes are often emphasized as indicative 
of earlj’^ myocardial damage. Since ordinarily the tests are made be- 
cause of complaints referable to the cardiovascular system, curves repre- 
senting the normal heart for this age of life have not been extensively 
studied. Such series of healthy young adults as have been obtained by 
Lewis and Gilder,^ Cohn,- and Ferguson and O’Connell,® have not dealt 
with the normal heart in persons over fifty years of age. The purpose of 
this studj' was to contribute to the recognition of the normal electro- 
cardiogram for this age and to determine if there are in elderly persons 
any changes which, though not common in the normal tracings of 
younger people, must nevertheless be considered physiologic at this 
stage of life. 

PROCEDURE 

Fifty persons between the ages of fifty and sixty-five were selected. 
They had been admitted to the Barnes Hospital or the ’Washington Uni- 
versity Clinics for a variety of complaints none of which were thought to 
implicate the cardiovascular system. The patients were excluded if they 
suffered from mai’ked debility or from an illness ivliieh was considered 
veiw serious. All of the patients were carefully que.stioned and denied 
the presence of symptoms of cardiac disease. They denied all history of 
heart trouble or of rheumatic fever. On physical examination there were 
no abnormal findings in the heart. The blood vessels were considered 
normal for their ages. Specifically, there were no murmurs, demon- 
strable enlargement of the heart, cardiac irregularities except occasional 
extrasy.stoles, and no blood pre.ssiires were found to exceed 150 mm. 
systolic or 90 diastolic. In 43 cases six-foot x-ray plates were taken 
and the heart measurements were within normal limits. The Wasser- 
mann reaction was negative in all cases. 

The electrocardiograms were taken with the patients in two positions, 
sitting (Position 1) and supine (Position 2). A Hindle machine was 
used in both positions and in addition, for a comparison between the two 
technics, a '^Lctor machine was employed for the .supine position only. 

•Prom the Department ol Jledicine of IVashingrton University Medical School and 
the Barnes Hospital, St. Louis, Missouri. 
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I'lXDlXCS 

p.]V(iv(.'^.-~hi Ia'.'hI ! Ili(' P-wnvt'K were ni)ri<>lil and iionnal in 36 
oases. In 10 cn.st'.s they wen* indntnrniinaln wliil(> ilicy wore upri^dil in 
the other leads; in 3 case.s they wi'n* iinlelnmiinate in Leads i and Til. 
They were, in one ease, indeterminate in Leads I and 11. In no ease 
were they inverted, so it was <'omdnded that tlie P-waves in Lead I 
showed very little variation from normal, and then mei-ely a tendene.v 
to beeome iso-oleeirie. 



Pic. l.—CuM! Xo. r.,S. Tos 


Itlon 1. f;lw>^vl|l^: <I<-(liin<> vi'.'i in I.caiU: II and IIT. 


n Lead 11 the P-Avave.s were nnil’ormly hitrh and normal in -19 eases. 
t| 1 ^ elianj.'-ed with ])osifion. beiiifr lii^-Iiei- in Position 1. 

• "ore almost iso-eleetrie in one ease and had a downward phase in 
|ie ea.se. It was eonelnded that the I’-waA’e in Lc'ad II showed reniark- 

• > c variation from the aeei'pted normal and then merely a ehanpfe 
'‘Oiehangc in position. 

^vith ^^'''’nves were* normal and njirijrht and did not eliange 

Po.sitioii in 31 eases. 'They were indeterminate in 13 eases; in one 
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of these they '«‘ere indeterminate in Position 1, but upright in Position 
2, in 2 thej' were indeterminate in Position 2, hut upright in Position 1. 
The P-wares were inverted in 4 cases and in all of these they became up- 
right on deep inspiration. In one case the P-waves were higher in Posi- 
tion 2 than in Position 1 and in one case higher in Position 1 than in 
Position 2. 

Considering all three leads together it has been found that in 17 cases 
the P-waves were upright, normal in shape, and not affected by position 
or respiration. Altogether they showed no difference from wliat may be 
expected at any age. 

QRS Complexes . — ^In Lead I the complexes consisted of an E-wave 
only in 21 eases ; in 7 there was a definite Q-wave ; in 2 of these it was 
a.ssociated with .slurring of the downstroke of the E-wave; in one tlie 
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Fig. 2. — Case No. 7, Position 1, Leads I and III showing definite Q-wave.s in Lead I 

and transverse heart in Lead III. 

E-wave was unusually high and sharp and in one both Q-wave and 
S-wave were definite. 

In 4 cases the S-wave was A'ery deep in both positions; in 3 other eases 
it was marked in one position only, in 2 cases more marked in Position 1 
tlian in Position 2. in 1 more marked in Position 2 than in Position 1. In 
1 ease only was it sufficiently marked to constitute right axis deviation. 

Slurring of the upstroke of the E-Avave occurred in 2 eases, and of the 
doAvnstroke in 8 cases: in 1 of the.se it Avas interpreted as high branching. 
In 5 cases there AA'as slight slurring of the entire complexes. In one case 
the A'oltage Avas very high and in anotlier A'ery Ioaa'. 

In Lead II the Q-AAaves Avere marked in 3 cases, in 1 case more in Po- 
sition 1 than in Position 2. In 1 case tlie Q-Avave Avas accompanied by a 
slurring of the descending E-AA-aA-e. 

Tlie descending limb of the E-AA-aA'o Avas slurred in 6 cases; 2 of these 
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also showed “high branchiiig'”; 1 showed a notch like an S-wave during 
t],e downstroke. Slurring of the ascending R occurred in 3 eases, in 1 
bath upstrokes aud downstrokes were slurred. In 13 cases there was an 
E-wave only. 

The S-wavc was marked in 18 cases, in 1 more so in Position 1 and in 
2 more so in Position 2. In 3 of the 18 cases the S-waves were both wide 
and slurred. 

The entire QRS complex in Lead II was slurred in 5 cases; in 1 of 
these the slurring was more marked in Position 1 . In 2 eases the com- 
ple.xes were low, in 1 of these it Avas more pronounced in Position 2. 

In Lead III the Q-avoa'c Avas absent in 35 cases, its presence was doubt- 
ful ill 5 eases, in 10 it Avas present and Avell defined, in 4 of these it ex- 
ceeded 25 per cent of the greatest excursion of the QRS complex, thus 
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Pig. 3. — Case 43, Position 1, Leaf! II showing marked slurring and widening of S-wave. 
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4. — Case 45, Position 1, Lead III showing small slurred complexes becoming sharp 
and upright on deep inspiration. 

complying Avith Pardee's criterion.'* In 3 cases there AA'^as an iiiA^erted 
complex and it could not he determined Avith certainty Avhether this Avas 
8 Q, an S, or an iiiA’^erted R-AvaAm. Cliange in position caused the Q-AvaA'-e 
to change in 7 eases, in 2 it Avas deeper in Position 2 than in Position 1, 
111 5 it Avas more marked in Position 1 than in Position 2. 

The R-Avave AA'as slurred in 48 cases aud in 35 of these it Avas also Ioav, 
la the other 13 it Avas of moderate height. In 16 cases the R-avea'C be- 
came markedly higher on inspiration ; in 1 ease inspiration resulted in 
aoteliiiig of the R-AvaAm. In 5 eases the R-AvaAm Avas notched; in 5 cases 
leight of the R-AvaAm changed AA'itli change in position. 

> S-AvaAm AAms present and distinct in 29 cases, in 14 of these it Avas 
^omeAAhat slurred. In 15 eases it changed Avith change in position ; in 12, 
^as greater in Position 1 than in Position 2, and in 3 it was greater in 
osition 2 than in' Position 1. In addition to the 4 cases of transverse 
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heart as evidenced by inverted Q-Avaves there were 7 cases of traus- 
A'erse heart in Avhieh the im*erted Avave Avas clearly an S-wave. In 7 
eases the immersion AA'as deep enough to be called left axis deAuation. 
Deep inspiration affected the AA'aA-^e in 14 eases, in 11 cases it became 
shalloAver, in 3 eases it became deeper. In 1 ease it apparently ehanaed 
from a negatiAm to a positiAm AvaAm on deep inspiration. S-Avaves Avere 
absent from Lead III in 21 cases. 

TAYaves . — In Leads I and II no T-AvaA^es Avere inverted. In 2 cases 
the T-AAmAms Avere iso-electric in Lead I, Position 1 ; in both of these they 
AAmre upright in Position 2. In 1 ease they were diphasic in Lead II, 
Position 1, but became entirely upright in Position 2 (in this ease the 
T-AA’ave AA’as inverted in Lead III, more in Position 1 than in Position 2). 



Pig. 5. — Case G, Lead II, Positions 1 and 2, showing change of T-waves with change 

of position. 


In 15 eases the T-AA’aA’es AA'ere upright in all leads. In 2 of these the 
T-AA’aAms in Leads II and III AA’ere greater in Position 2 than in Position 
1. In 25 eases the T-AA’aAms were upright in Leads I and II ; in 14 of 
these thej’- Avere iso-eleetrie in Lead III, in 5 they AA'^^ere diphasic in Lead 
III, and in 6, inA’crted in Lead III; of these 6, 3 AA’ere more iiiA-erted in 
Position 1 than in Position 2. 

Change in position affected the T-AA’aA’es: in Lead II they AA’ere in 3 
eases higher in Position 2 than in Position I ; in 1 of these the T-AA’ave in 
Lead III AA’as indeterminate in Position 1 Avhile it became upright in 
Position 2, in another ease the T-AA’aAm in Lead III AA’as diphasic in Posi- 
tion 1 and became upright in Position 2. 

In general, it AA’as concluded that the T-aa rvcs shoAved A’cry feAA’ changes 
in Leads I and II, but that in about half the cases the T-AA’aA’es slioAA'ed 
in Lead III changes from the simple upright shape. 
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Mcafnircmenis . — Tlirco time intervals were measured ; tlie P-R intei-val, 
tlie duration of tlie QRS complex, and tlie S-T interval. AH measnre- 
ineats fell within normal limits. 

Of the P-R intervals 43 were between 0.1 o and 0.19 seconds; 3 were 
0.20, and 4 wore 0.12 to 0.14. 

Of the QRS comi)lexe.s -13 Avere between 0.00 and 0.08 seconds, 3 were 
0.0,9, and four were 0.04 to 0.05 seconds. 

Of the S-T intervals, 47 were between 0.20 and 0.32 seconds, the other 
3 readings were 0.24. 0.34, and 0.36 seeond.s. 

There was thus no tendency to prolongation of any intervals, e.spe- 
eiallynot to spreading of the QR.S complex. 


niSOESSION 


The question may be raised whether all of the ]Aalients in this series 
really had undamaged hearts. If it is true, as Fahr' states, that 23 per 
cent of deaths among persons ]>a.sl lifty yeai’s of age ai-e t'ansed by heart 
disease it is not unlikely tliat some jier.sons in Ibis series had myocardial 
disease which had not yet caused sy)niHoms oi- physical findings. Then 
among, say. any 60 persons pa.st fifty years of age, 14 may stati.stically 
be expected to die from heart disease. But it' we exclude from the 60 
those among the 14 who have manife.st .symptoms of heart disease or ab- 
normal findings, such as increased blond pressure, cardiac enlargement, 
murmurs or cardiac ii'regularities, and tlio.se avIio have not yet doA^eloped 
any pathological proee.ss, and avIio. therefore, must be considered healthj^ 
flic chances are. that after such analysis avc .shall be left Avith a series of 
about 50 pcr.sons among Avliom A'ery foAv have “liiddoir’ heart disease. 
IVe belicA'e that the elect roeardiograms just described are from such a 
series. Therefore, in the absence of any changes AA'liicb Ave knOAv by ex- 
perience are. associated Avith grave cardiac disorders, the findings of this 
series may probably be considered such as occur in normal per.sons. On 
the other liand, flic absence of certain findings from tlio series sbould 
ean.se these to be looked upon Avitli snspieion as possibly indicating 
cardiac pathology. 


SUMMARY 


Within the limits of our experience avc may stale : 

The folloAving findings, .some of Avliicli aat have prcAdonsly considered 
of doubtful significance, are not. pathological. 

Hiphasie or iso-electric P-AvaA’cs in Lead I or iuA'evted P-AvaA^cs in Lead 
if they become upright on deep in.spiration ; slurring of QRS eom- 
Pkxes, especially in Lead TIT and . slight . to .moderate notcliing of R AA'ith 
QRS interwal beloAv 0.10 seconds, “ tran.sA^erse heart,” isolated left 
oxis deviation, moderate inversion of T-TTI (this last finding is very 

common) . 


the other hand, the following findings Avere not present in this 
‘C^ies and imi.st therefore be looked upon AA’itli suspicion. 
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Indeterminate or inverted P-\vaves in Leads I or II, inverted P--\vaves 
in Lead III, if they do not become nprigbt on deep insjjiration. Inver- 
sion of T-Avaves in Leads I or I and II, or iso-eleetric T-Avaves in Leads I 
or II if they do not become npriglit on deep inspiration. A P-R inter- 
val exceeding 0.20 seconds, a QRS interA’al exceeding 0.10 seconds, or 
an S-T inten-al exceeding 0.34 or 0.36 seconds (the upper limit seems 
slightly uncertain) . 

It is seen that for the proper eAmluation of a doubtful finding deep 
inspiration and sometimes change in position may he necessary in any 
lead. Such thorough investigation should ahvays he done AA'hen the 
electrocardiographic findings may he the determining factor in the 
diagnosis. 

Tills material does not indicate AA'hether an isolated right axis dcAua- 
tion is definitely a pathological sign or Avhether the inverted AvaA^e in a 
transA’-erse heart is alAvays an S-AvaA’^e. 

There do not seem to be any characteristic “age-changes” in the 
electrocardiogram. 
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ventricular TACHYCARDIA: AN INTERPRETATION OP 
THE NATURE OP ITS MECHANISM'^ 

David Davis, M.D. 

Boston, Mass. 

T he stroke volume output oi' the mammaliau ventricle is large ly 
dependent upon a uniform and nearly simultaneous contract 'on 
of all parts of its musculature. This is brought about by the big) ly 
specialized- His-Tawara-Purldn.ic system vitli its specific anatomical 
arrangement and conduction capacities. Prom the A-V node the excita- 
tion proceeds by the bundle branches to both chambers and spreads 
through the rapidly conducting network of Purkinjc to all parts of 
the ventricles. This plan of transmission is in contrast to tliat in tlie 
auricles where the excitation is distributed by direct propagation 
through the more primitive arrangement of the mnsele bands. 

Tachycardia, flutter, and fibrillation of anricnlar origin are consid- 
erably more common than arc the similar phenomena in the ventricles. 
In a previous study of ventricular fibrillation' it was suggested that the 
probable explanation of this discrepancy lies in the normal preventive 
and regulatory action etVected through the His-Tawara-Puvkiuje system; 
that its capacity to distribute supraventricular impulses very quickly 
to all regions of the. musculature not only insures harmony of eon- 
traetion but further creates a uniform state of refractoriness which in 
itself tends to resist the setting w\) of circus movements in these cham- 
bers. An ectopic inquilsc tending to perpetuate itself tlirongli a process 
of reexeitation would theoretically bo frustrated by a supraventricular 
impulse which at tlie op{)ortuuc moment spreads through the normal 
path to all parts of the vmulriole and induces a state of refractoriness 
sufficient to block the path of the re-entrant excitation. This would 
account for the rarity of continuous runs of ectopic beats in healthy 
mclividuals, for isolated premature beats are common, and in psycho- 
neurotic individuals, a bigeminal rhythm is not infvecpient. If the 
presence of frequent premature beats may be taken as an expression 
of hjqier irritability of the ventricles, an explanation of the occurrence 
of veutricnlar tachycardia based on this factor alone Avould appear 
inadequate. 

In bimdle-brancli block the ventricle corresponding to the side of 
disease receives its excitation from the adjacent ventricle by direct 
Propagation through the septum. The spread is similar to that present 
r^n tile ventricular premature beat. So long as conduction is still satis- 
factory through one bundle branch, the rhythm may continue to be 
ftOvernecl through the A-V node. When conduction, however, is seri- 
^osly impaired in both bundle branches, conditions are opportune for 
m development of circus movements, or tachycardias. The coordinat- 
I'cgulatory function of the His-Tawara-Purkinje system is lost ; 

Medical Clinic of Beth Israel Hospital, Boston, Mass. 
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the path through wliieh impulses normally interrupt a sequence of 
ectopic heats is impaired ; and the ventricles are exposed to anj" aberrant 
excitation. In the event of complete failure of nodal activity, and in 
the absence of a spontaneous excitation in the musculature, ventiucular 
standstill ensues. 

Explanations for the development of ventricular tachycardia have 
generally failed to give full consideration to the state of the conducting 
tissues and have invariably emphasized the condition of the myocar- 
dium, a hyperirritability induced by underlying disease, digitalis, or a 
combination of both. In the present communication attention is called 
to the fact that disorders of the ventricular rhythm such as tachycardia 
or flutter fibrillation are in many instances intimately related to direct 
interference with the His-Tawara-Purkinje system of conduction, and 
bat disease of the bundle tissues, or depre.ssion of these tissues by drugs 
i.. an important precui’sory state in their development. The same intei'- 
jirt^tation as related to ventricular fibrillation or flutter fibrillation was 
emphasized in 1926 by DeBoer- and in 1929 by Davis and Sprague.^ 
Six cases of a total of 14 with ventricular fibrillation reported up to 
1929 were associated Avith heart-block. In two cases the abnormal 
rh.Adhm Avas probably induced by digitalis, in one of these digitalis in 
combination AA’ith quinidin. 

An examination of the reported cases of ventricular tachycardia also 
I’eveals evidence of bundle tissue disease, or the action of di’ugs that 
depress these tissues in a large number. Most of the reported eases 
AA'ere associated Avith the folloAA’ing conditions: (1) digitalis poisoning, 
(2) bundle tissue or bundle-branch di.sease, (3) coronary thrombosis. 
Rare cases are reported to haAm occux’red in young adults AA-ith little 
or no demonstrable organic heart disease,'^- *’ in patients Avith rheu- 
matic and syphilitic heart di.sease, and possibly as a re.sult of excessive 
tobacco .smoking." 

THE RELATION OF DIGITALIS TO A^ENTRIOULAR TACHYCARDIA 

In studying the progressive action of increasing doses of digitalis on 
the cat’s heart, Robinson and Wilson® found the folloAving sequence of 
cA'ents : inversion of the T-AA'ave of the electrocardiogram ; depression of 
the atrio-A'entx’icular conduction Avith .some sIoAving of the heax’t rate; 
incx-eased xhythm of both auricles and Amxxtricles AA'ith complete A-Y 
dissociatioxx, tlie ventricular rate sooxi exceeding the auricular. After 
complete A-Y dissociation idioAmntx-ieular complexes made their appear- 
ance. and independexit Amntricular ihAdlims AA'ith abnox*mai Amnti'icular 
complexes occurred. This AA'as folloA\'ed by A'entx'icular fibi'illation and 
. deatli. Luten” and othex-s haAm sIioaa-xx that digitalis poisoning ixx man 
px'oduces the same sequence of ehaixges obseiwed by Robinson and Y^il- 
son in eats. Commenting oxi an analysis of four eases ixx Avhich ventricu- 
lar tachyeax'dia dcA'cloped in the course of digitalis poisoning, he states, 
“It AA'ould appear, therefore, fi'oxn a eonsidex’ation of these four cases, 
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toxic doses of digitalis produce on the human heart, when, adminis- 
1 red in increasing amounts, the following sequence of abnormal mechan- 
am-icnlar tachycardia; increase in the ventricular rate until it, 
exceeds the auricular rate; and independent ventricular tachycardia 
^dth abnormal complexes.” In his cases prolongation of the A-V con- 
duction time was an early effect, and the increased ventricular rate 
llwavs followed complete A-V dissociation. This association and 
sequmice is significant, for it points to the importance of the state of 
bundle tissue in the course of development of the abnormal ventricular 

rlijtlnn. 

Yaiwlnfi® reported two cases of ventricular tachycardia associated 
\Yitli the administration of full doses of digitalis and considered it the 
probable factor responsible. He noted that although ventricular pre- 
mature beats were frequent and the use of digitalis was common, runs 
of premature beats or tachjmardia Avas rare. In 189 cases at the 
Peter Bent Brigham Hospital with the diagnosis of premature beats, 
lie found but seven or 4 per cent with successive extrasystoles. Sixty- 
three per cent of the cases in this series had received digitalis, but 
in a large proportion digitalis administration Avas begun after the trac- 
ings Avere taken. In subsequent tracings no increase in the number of 
extrasystoles occurred. Vaughn concluded from this analysis that digi- 
talis in therapeutic doses does not increase the tendency to successive 
ventricular extrasystoles. A similar conclusion Avas reached b.y Otto 
and Gold“’ avIio felt that digitalis in full doses sometimes abolishes 
ventricle premature beats, and that premature beats coming sponta- 
neously or induced by digitalis do not indicate susceptibility to digitalis 
bigeminy. Vaughn suggested that digitalis may be an exciting cause 
in the production of A^entricular tachycardia but that some other factor 
such as hj^perirritability resulting from impaired blood supply must 
be present. In one of the tAvo cases reported by him bundle-branch block 
(P-R0.20; QRS 0.12) Avas present before the administration of digitalis, 
and in this case it is probable that txvo factors were operative: (1) the 
underlying disease of the bundle tissue; (2) the depression of these, 
tissues by digitalis. The conclusions by Vaughn, and Otto and Gold 
JCeaiding the relation of normal doses of digitalis to premature beats 
eiKs further Aveiglit to this interpretation. 

‘'^^pcaidia of ventricular origin associated AAuth full or toxic doses 
reported by maiw obserAmrs including Gilchrist" 
cases), ScliAA'enseiT® (tAA^o cases), Felberbaum^'^ (one case), Reich ° 

IloAv^qi^s^^’ Curtiss^'’ (one ease), Gallavardin^" (one ease), 

tases?*^ case), Palmer and White^'’ (tAxm cases), MarAuiV® (five 

cases). In one of Gilchrist’s cases there Avas 
of bundle tissue AAuth a P-R inteiwal 

Gilchrist administration of digitalis. Smith, ScliAvensen and 

precin’tT-^^^^ action of digitalis on the Amntricular muscle as 
1 a mg factor. Smith thought that the action of digitalis 
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■was vai'iable and that the state of the heart muscle must he the deciding 
factor; Sclnvensen, that digitalis probably induces irritability in the 
ventricles ; and Gilchrist, that the action of digitalis on a malnourished 
ventricular muscle might be the combination of factors responsible. 
In most of the reported eases in which there are tracings of the normal 
rhjdhm before and after the onset of the tachycardia, a marked pro- 
longation of the P-R and often of the QRS interval is to be observed. 
Smith noted that of 60 reported cases, digitalis had been administered 
and was probably the responsible factor in 25. Strauss recorded digi- 
talis therapy in 50 per cent of 65 eases reported up to 1930. Three 
out of a group of six eases with this arrhytlimia among electrocardio- 
graphic records of the Beth Israel Hospital during the years 1928-1932 
were definitely associated with excessive doses of digitalis. In one of 
these there was cAudence of underlying biindle tissue disease. 

THE RELATION OF BUNDLE TISSUE DISEASE TO VENTRICULAR TACHYCARDIA 

As records of the normal electrocardiogram, either before or suf- 
ficiently after the administration of digitalis Avere not reported^ in all 
eases, it is impossible to obtain an exact idea as to the frequency of 
pre-existing bundle tissue disease in the digitalis cases. If conduction 
disease of the main bundle (P-R interval) had been present, this AA'ould 
be obscured in many, as the P-R interAml aa^rs seen to be greatly in- 
creased in the postparoxysmal records. HoAveA'^er, eAudence of pre- 
existing bundle-branch disease was noted in 5 instances in the group 
receiving digitalis. The eases of Vaughn and of Gilchrist AA^ere men- 
tioned aboA'^e. In one of Maiudn’s cases there AAms pre-existing bundle- 
branch block AAuth a P-R interval of 0.20 and a QRS interval of 0.12 
seconds. Necropsy examination of the bundle branches in serial section 
shoAA’ed definite disease in one bundle, thus confirming the electrocardio- 
graphic findings. Bundle-branch disease may also have been present 
in one of Palmer and AVhite’s cases, the QRS interval measuring 0.12 
seconds. 

One case reported by Butterfield and Hunt-- occurred in a man 
aged forty-five years AAotli rheumatic heart disease. The electrocardio- 
gram shoAved a P-R interval of 0.18 and a QRS inteiwal of 0.13 seconds. 
Postmortem examination revealed thickening of both mitral cusps, 
lymphatic infiltration, and an increased amount of connectwe tissue 
in the region of the bundle. The chief changes Avere found in the 
region of an antemortem clot adhering to the left side of the septum, 
and here an active pathological process aa-rs in progress at the time 
of death. The most impoidant changes inA^oHed tAvo-thirds of the 
thickness of the interventricular septum and consisted of a progressive 
fibrosis iuAmlving the muscle to such an extent that A^eiy fcAV cardiac 
fibers could be recognized as such throughout a considerable amount of 
tissue. The increase in the QRS interval in this case aa’rs due either 
to involA'ement of the bundle branches or conceiA’-ably to block in the 
spread of excitation shortly after leaA'ing the bundle branches in the 
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Hart“ reported "Jfv interval 

„.e patient was on a “-Ilf™™* “LStSp^^ W ck was present, 
ont of the system the evndeneo of 0.23 and a 

One case reported ky Wdlms slrowed a P'R " 

ORS of 0.10 seconds. In anotlier case, Pnv+pv’s-'^ 

Snl of so-called “arborisation block” is 
case a^oeiated with an attack of coronary 

Avas 0 22 the QRS interval 0.12 to 0.13 seconds. Tlieie nas no indie 
«: of fltc use of digitalis. In one of Levine's cases- of ventamdar 
tachycardia complicating coronary tliromliosis definite bund 

block was present. -x i i 

Two eases taken from the records of the Betli Israel Hospital sliowod 

ventricular taeliycardia associated ndtb bundle disease in tlie absence 
of digitalization. One ease presented partial A-V bloelc vvitli P-H inter- 
vals as long as 0.42 seconds. In this case the paroxj^smal ventiieulai 
complexes differed but slightly from the normal, suggesting the oiigin 
to be in the main bundle tissue. The second ease occurring in a patient 
with coronary thrombosis in the past shoAved a P-P interval of 0.21, 
a QRS interval of 0.12 seconds. 

THE RELATION OP VENTRICULAR TACHYCARDIA TO CORONARY THROMBOSIS 
A nnmher of cases of ventricular tachycardia are now on record as 
complicating an attack of acute coronary thrombosis. In most of these 
eases the conduction time in the tracings preceding and folloYdng the 
paroxysm is normal. It is known that the septal muscle receives its 
excitation slightly in advance of that of the outer walls of the ventricles 
and less than one-tenth of a second is required before all parts of the 
muscle are in a state of activity. Por practical purposes this distribu- 
tion is nearly simultaneous. The slight difference, however, in the 
time from the moment the excitation arrives at one place and is finallj^ 
distributed at all points is probably represented by the QRS interval 
and when this is normal it is probable that there is little gross interfer- 
ence with the His-Tawara-Purkinje distribution. Yet for the occur- 
ence of ventricular tachycardia in a condition in which the function 
wlikbTr" disturbed, and in a condition in 

m" LwrifT (‘lie “terior deseencl- 

f'Hdotbeliii r ■ not interfere with the 

«v t m tbort 

n™rt.i in mat At? '>* large infarcts or mural 

corona.,: n.roX:?t tgS 

\ ^ ttiat thr^^cVcmTir was 
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regularly eoutrolled by quiuidine. It therefore seems reasonable to 
consider a factor of this kind in addition to the factor of local hyper- 
irritability in the muscle. 

THERAPEUTIC CONSIDERATION 

The action of quinidine in the abolition of attacks of ventricular 
tachycardia has been recorded in many cases. Levis and his covork- 
ers-° studied in the action of quinidine in dogs. An eaidy and marked 
effect was produced in the heart muscle, and this consisted in a sieving 
of the 1‘ate of conduction and an increase in the refraetor3'' iieriod. The 
action on the conduction tissues Avas also striking, a lengthening of 
the P-R and QRS intervals being regxdaii}' noted with sufficient dosage. 
There is eAudence that in man a powerful action maj’" be exerted on 
the muscle before an apiireciable effect on the conducting tissue is 
noted. Thus, after the abolition of auricular fibrillation in clinical 
cases, the electrocardiogram often sIioaa's no apiireciable increase in the 
P-R and QRS intervals. It is therefore probable that quinidine exerts 
its action on the A’^entrieular muscle to the extent of interrupting a 
taeliA'cardia Avithout causing significant depression of the bundle tissues 
in mo.st eases. In rare instances and Avhen bundle tissue disease is 
present, quinidine maj* precipitate fibrillation of the ventricles bj’’ 
exerting a predominant action on the conducting tissue. This probably’- 
occurred in the case of Kerr and Bender.-® 

On the basis of the above, it aa-ouRI seem that digitalis therapj’’ should 
be undertaken Avith caution in the presence of bundle tissue disease. 
Drugs AA'hich tend to increase conduction might be considered in the 
attempt to stop a paroxA*sm of A’^entrieular tachj’^cardia. Atropine, bj’" 
diminishing A^agal action maj* be of Amlue. Levine-" has had one suc- 
cess Avith this drug. On theoretical grounds, adrenalin, ephedrin, 
barium chloride and th.Au-oid extract might be of A^alue, in sufficient 
dosagre. "When combined AAdth quinidine the untOAvard effect of these 
drugs on the A'entricular muscle might be controlled. 

SUHIMARY AND CONCLUSIONS 

1. An interpretation of the mechanism of A’^entricular tachj^cardia is 
presented: Its occurrence in health a- indmduals is normal^ preA’^ented 
by the control effected through the His-TaAvara-Purkinje system of con- 
duction. AA-hich distributes supraventricular impulses A^ery rapidlj" to all 
parts of both A'entricles and induces a uniform state of refractoriness 
sufficient to prevent the setting up of continuous runs of ectopic beats. 
Disease or drugs tliat depress the conducting tissues tend to interfere 
Avith this normal control and permit the cleA’elopment of circus niOA'e- 
ments in the A'entricles. 

2. An anah'sis of the literature rcA'eals the presence of disease or 
the use ot drugs Avhieh depi'ess the conducting tissues in a majoritj' of 
the reported eases. 
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CARDIAC RUPTURE WITH PERFORATION OF INTERVEN- 
TRICULAR SEPTUM. REPORT OP TWO CASES^" 


Walter Prebimax, M.D., aa’^d Edgar Deucher Griffin, M.D. 

Washington, D.C. 

"OUPTURE of the heart is moderately frequent following thrombosis, 
but perforation is usuallj’" through the wall into the pericardium, 
rupture of the septum being exceedingly rare. The event of intem’'en- 
trieular rupture is accompanied by sufficiently characteristic symptoms 
and signs to make the condition recognizable ante mortem. There are, 
however, certain similar conditions that have to be ditferentiated, 
namely, external rupture of the heart allowing blood to pass through 
into the pericardium, and ruptured aneurysm of the right anterior 
aortic sinus causing a communication between the aorta and the base 
of the right ventricle. The latter condition may be of congenital origin, 
the clinical eMdences of its presence existing throughout life, but in far 
the greater _ number of eases (Abbott) it results from rupture of an 
aneurj^sm of the aorta into the pulmonic circulation. 

The cases of spontaneous cardiac rupture collected by Krumbhaar 
and Crowell showed the following distribution, the great majority being 
through the wall of one of the cardiac chambers into the pericardial 
eavitjL 

Table I 

Site of Spont-\neous Kupture (Krumbhaar and Crovtill) 



• total 

PER CENT 

Eight auricle 

35 

5.7 

Left auricle 

12 

2.0 

Eight ventricle 

63 

10.2 

Left ventricle 

493 

79.7 

Miscellaneous* 

15 

2.4 


•The miscellaneous group consists mostly of ruptured papillary muscles but in- 
cludes the two cases of rupture reported by Latham. 


Three typical cases of interventricular rupture have , preMously been 
reported. Abstracts of these cases are given. 

Case 1. (Latham.) White male, aged sixty-one years, of gouty diathesis and 
sedentary liabits, complained of unusudl pain occupying entire front of chest and 
passing along both clavicles to the top of the shoulders, stopping there without 
descending the arms. Pain remained constant for two days but became more severe 
during the last night. The pulse was normal in rate but hard and incompressible 
as it had been for a long time. A mustard plaster was applied and some cordial 
aperient given. No relief was obtained next day, the patient having been sleepless 
and unable to lie down. The heart beat over a larger space with more force than 
natural but with no unnatural sounds. The pain was like that of angina pectoris 
but continuous. One-half dram of vinuni colehiei and one dram of paregoric were 

•Fro7n Saint Elizabeth’s Ho.spilal. 

Pi-esentert before the Medical Society of the District of Columbia, May G, 1932. 
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duodenal ulcer was made and operation advised. Eelatives objected and two liours 
later another plijsician noted the patient’s desperate condition and very feeble heart 
action. Four hours after the onset tlie patient was seen by Hyman. The i^atient 
was now in extreme shock with cold, clammy perspiration, deeply cyauosed and 
breatliing witli noisy respirations. There was no palpable x’ulse at wrist, and the 
superficial area of cardiac dullness appeared widened to percussion. Ho heart 
sounds could be heard at the ajiex but the basal sounds were rapid (130 jjcr minute) 
and of very poor quality. Tliere was a very shrill systolic inurTiiur heard equally 
well over the entire iJieeordia. A diagnosis of spontaneous rupture of the heart 
was made and hospitalization advised. The patient was admitted to the hospital 
at 11:30 A.M., electroeardiograxihic studies were made and intravenous glucose and 
metaphyllin administered. The heart sounds now became more audible at the apex 
as well as at the base, but the superficial character of the murmur remained un- 
changed. The x)3tient died half an hour later, death occurring five and one-half 
hours after the initial attack of pain. 

Eleetrocardiograijhic studies showed eharacteristic T-wave alterations in Leads I 
and II. There was no axial deviation of heart and no delaj' in the QES complex. 
The rate was 100 beats per minute. Sino-aurieular rhythm was normal. 

At postmortem examination the pericardium was found free from blood. The 
heart was slightly enlarged (310 grams), and thci'e was a recent xjerforation large 
enough to admit one finger in the interventricular septum near the apex. The 
coronary arteries contained irregular patches of sclerosis; the right was more 
involved than the left. A rather large thrombus which had apparently broken off 
from an adjacent area was found in the terminal subdivision of the anterior descend- 
ing branch of the right coronary artery. The portion of the heart suijplied by 
this vessel was pale, thinned out, and the change appeared to be not very recent. 
The apical part of the heart, esiiecially in the right ventricle, contained a large 
hemorrhagic area which was torn through as it approached the septum. ' Several 
mural thrombi were found in the left ventricle. The valve mechanism presented 
nothing of note, and the aorta was not enlarged but showed many atheromatous 
plaques. 

In addition to the ease.s of septal perforation following myocardial 
infarction, communication between the two ventricular cavities or 
between the aorta and the base of the right ventricle may develop in a 
somewhat different manner. 

Abbott’s study of abnormal communications between the aorta and 
the base of the right ventricle or between the aorta and the pulmonaiy 
artery is interesting because of the similarity of the symptomatology to 
that of our cases and the difference in pathology. She points out that 
a communication may arise in tAvo ways: (1) as the result of a rup- 
tured aneurysm Avhere the Avail of the ascending aorta is extensively 
diseased from luetic or other causes; (2) Avhen the right anterior aortic 
sinus is tlie seat of a finger or thimblelike process Avhich projects into 
the conns of the right ventricle. This constitutes an aneuiysm of its 
Avail and that of the aortic sinus due not to disease but apparently to 
congenital thinning of the septum betAA’een the tAA’o great trunks. This 
latter explanation may be applied to the cases of Beck, Hale- White, 
KrzyAvicki and Kraus in Avhich the Avails of the aneurysm Avere thin 
and membranous Avithout sign of inflammatory process of any kind 
and rupture bad taken place at the apex of the sac, OA'identl)' as a result 



736 


THE a:mericax heart journal 


acute aortic stenosis ivas considered, sucli as tlie formation of a mural thrombus 
in the left ventricle obstructing the aortic outlets of that chamber. Other diagnoses 
considered included ruptured aortic leaflet and also the formation of a dissecting 
aneurysm, Huptured aortic leaflet "was not considered seriously on account of the 
fact that this rvould not obstruct the forward propulsion of blood. The next day 
the patient developed evidence of a mild hypostatic pneumonia, grew gradually 
weaker, and died that night, April 17, at 8:30 p.m. A final diagnosis of coronary 
thrombosis and hj-postatie pneumonia was given. 

Electrocardiographic studies showed taeh 3 'eardia, left ventricular preponderance 
and a convex inverted T-1. The manner in which the T-wave took off below the base 
line in Leads II and III suggested coronary occlusion (Pig. I). 



Lead A’o. I^Betseeen Ritht and Left Artni , 



Fjcr_ — (Case 1.) Electrocardiogram taken April IG, showing left ventricular pre- 
ponderance and a partial “coronary' T-wave.” 


Necropsy disclosed generalized arteriosclerosis with nephrosclerosis and multiiile 
infarcts of the brain; passive congestion of all tlie organs and intense, congestion 
and edema of the lungs without pneumonic consolidation or pleural effusion. The 
heart weighed 545 grams. The pericardial cavity contained very little fluid. The 
right ventricle appeared particularly dilated and was filled with partially decolor- 
ized clots. The wall was rather pale but normal in consistency and texture. The 
right atrium was distended with partlj' decolorized clots and the auricle contained 
an adherent thrombus. Dark, soft, currant- jelly clots were found in the veins 
leading into the right atrium. The left ventricle was thickened posteriorly but 
was thin and rather fibrosed anteriorl_v. The m^-oeardium had a rather dull red 
beefj- color, was quite fine in texture and showed little or no fibrosis externallj'. 
The left atrium was not particularh- dilated and its appendage was collapsed. There 
were mixed clots in both atrium and ventricle, and soft red clots in the pulmonarj' 
veins. The wall of the left ventricle measured 25 mm. in thickness, the right 5 mni., 
tlie circumferences of the valvular orifices were as follows: aortic 8.5 mm., mitral 


FREEl^tAN AND GRIFFIN : CARDIAC RUPTURE 


T37 


10 5 mm, pulmonic 9 mm., tricuspid 14 mm. The valves on the right side of the 
Um-t were quite normal in character, although tlie tricuspid orifice seemed dilated; 
the mitral valve was slightly thickened and sclerotic but fairly flexible. The leaflets 
of the aortic valve were definitely thickened, showed bits of calcareous material at 
tlieir bases and projected rather rigidly into the lumen, but not sufficiently to cause 
obstruction to the forward flow of blood. They were competent to the water test. 
The coronary arteries showed marked atheromatous degeneration with calcification. 
Wherever one of these was cut through with the scissors or knife, there was a 
nunching or grating sound. The changes were most marked in the. anterior de- 
scending branch of the left coronary artery which was thicker in parts than a lead 
pencil and which showed almost complete obliteration of the lumen. On account of 



Fig'- 2. — (Case 1.) — Photograph of the heart showing septal perforation in the middle 

of an aneurysmal bulging. 

a desire to preserve the specimen it was not dissected free. The other coronary 
blanches were sclerotic to a lesser degree. 

Upon opening the loft A'entricle there Avas found an area of dilatation in the 
lowei part near the septum, AAuth separation of the pectinate muscles and columnae, 
forming an aneurysm 7 to 8 cm. in diameter, the walls of which rvere smooth, flat 
and coA’ered by thick rvliitish endocardium. In the center of this was a much deeper 
epiession, dark in color, rvitli somewhat ragged torn edges and a little reaction sur- 
•ounding it. The tip of the index finger passed easily through this perforation into 
'0 cavity of the right ventriclp Avithin 2 cm. of the tip of the latter. Rather iuti- 
fnately applied to this, on the right side there Avas a thick membrane made up of 
nin and fresh thrombus, attached to the lateral Avail of the right ventricle and 
^^ar lafly coAmrmg the opening. Some of the columnae carneae AA'ere not yet broken 
HI tins A'icinity and gave added foundation for the thrombus. When the heart 
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was held up to the light and the eolumnae carneae retracted, it 'vvas easy to see from 
one ventricle into the other. There u-as a moderate bulge of the septal wall into the 
riglit ventricle, most marked in the region of the perforation (Fig, 2). • 

Case 2. White female, aged seventy years, a resident of various mental insti- 
tutions since 1904, had good physical health until 1914 when she was operated on for 
hernia. In 1915 slie fractured her right hip and was very lame for the rest of her 
life. During 1926 she suffered somewhat with bronchitis and laryngitis and in 1929 
was hospitalized for a time because of dysuria and hematuria and again in 1930 for 
lierpes zoster which was followed by severe anemia. Suddenly during the niglit of 
June 1, 1931, the patient developed acute abdominal pain necessitating the use of 
morphine. On examination the following morning the patient was fullj- conscious 



Fig. .■>. — (Case 2.) Electrocardiogram taken June 2 showing partial “coronary 

T-wave" in Leads II and HI. 


and t'oni\ilained of severe iutermittent pain of a stabbing character which seemed to 
be localized across the upjier abdomen and under the left costal margin. She also 
complained of pain in the left arm and upper interseapular area. The patient yawned 
occasionally. Her skin was pale and slic appeared to be in shock. Morphine was ad- 
ministered but the discomfort and pain were not entirely relieved. There was no 
cyanosis of any part of the body, but slight edema of the ankles was present. B.x- 
amination of the chest revealed no impairment of percussion note over the lungs. 
Tlicre were numerous coarse rales over both bases posteriorly, more marked on the 
left side. Tlie area of cardiac dullness was not appreciably enlarged and ausculta- 
tion revealed regular cardiac rhythm and no murmurs. The peripheral arteries were 
slightly tortuous. Blood pressure was systolic 150 mm., diastolic 60 mm. The liver 
was not i)al2)able. Diagnosis of an acute coronary occlusion was made. Electro- 
cardiogram substantiated this by the low take off of T-2 and T-3 (Fig. 3). 

The patient continued to suffer the above described pain for two days and vomited 
oc/-asi()n:iIIy. On the third day her temperature became elevated and continued so 
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. On the fourth day 'of her illness examination revealed a a\c11- 

until lier ^ systolic murmur over the entire chest and a systolic 

n,arked systolic t , - murmur became more pronounced on the 

• 

"a final clinical diagnosis of coronary thrombosis and generalized arteriosclerosis 

disclosed generalized arteriosclerosis Avith passive congestion particularly 
‘kod in’the lungs and associated here nith thrombosis and multiple hemorrhagic 
■f t L kkL-s showed arteriosclerosis with multiple infarcts and a hyper- 
mvading ine Pdvis on the left side. The gall bladder was contracted 


— (Ca.se 2.) Photograph of the heart showing a match insertecl into the 
interventricular perforation. 



‘ircund two stones; there was a colloid cyst of the thyroid; the brain was atrophic 
jnt not particularly arteriosclerotic. 

Tile pericardial cavity contained a small amount of dark amber fluid. The heart 
'iglicd 43;) grains, but appeared niuch larger owing to marked dilatation. The 
J>'ardium was smooth and thin, rather liberally supiilied with fat. The right 
• 1 1 '""V' distended with mixed clots, but no thrombi were found in the 
‘h'flbi* orifice ajipeared normal and the leaflets were thin and 

ventricle contained fairly firm, partially decolorized clots that 
^'^1! of tl"'"'- lower jrortion, especially to the septum. The lateral 

V'h' and'*' '^‘^"Iricle was of good color and consistency, but the seirtum appeared 
^"imd ritr^^' hemorrhagic areas here and there. A small iierf oration was 

un .ihout 2 cm. of the apex. This admitted a match (Fig. 4), although 
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the area of ragged laceration was somewhat larger and definitely greater on the side 
of the left ventricle. The area of anemic and hemorrhagic necrosis measured about 
4 cm. in diameter, and there was a tliinning of the septum around the point of 
perforation, but very little aneurysmal bulging was observed. The apex of the 
left ventricle was dilated in aneurysmal fashion, with a thin, somewhat fibrous wall, 
and thickened endocardium, but organized thrombi were not found on this side of 
the heart. The perforation was partly sealed off by the adherent thrombi and clots 
on the right side of the heart. The valves showed no abnormalities. The coronary 
arteries were rather tortuous and showed atheromatous patches, especially marked 
in the anterior descending branch, but the location of the thrombus was not further 
investigated (Fig. 4). 

DISCUS.SION 

Interventricular ruptiu'e like other ruptures of the heart occurs in 
middle or old age and is preceded by coronary disease with occlusion of 
a branch supplying the interventricular septum. Clinically the rupture 
is usually preceded b}^ an acute illness in which all the symptoms may 
point toward some grave abdominal condition, as in Hjmian’s case where 
a. diagnosis of ruptured gastric or duodenal ulcer was suggested and in 
our second ease where the first complaint was of severe abdominal pain. 
Or the symptoms maj^ at first simulate a respiratory disorder with dysp- 
nea, cyanosis, fever and leueocjdosis, as in our first case. Finally, the 
symptoms may attract attention to the heart from the beginning by 
severe pain in this region which may or may not radiate down the arms, 
as in Latham’s two eases. In this initial period no diagnosis of septal 
perfoi’ation can be made whether or not the attention is attracted to the 
cardiac mechanism. Examination of the heart at this time may be en- 
tirely negative or ma}^ indicate anginal failure. Electrocardiogi’aphic 
tracings may indicate coronary occlusion or myocardial fibrosis. Mur- 
mui’s are usually absent, and the history usually shows fair health prior 
to the acute onset. The persistence of the symptoms, however, especially 
the pain, reveals the seriousness of the j^atient’s condition, and the strik- 
ing change in the patient and clinical findings following the rupture 
should make this condition distinguishable from other complications. 

Perforation of the interventricular septum is ushered in by renewed 
sjnieope, by an increasingly^ harsh systolic murmur and thrill with 
gradual extinction of the aortic second sound, progressive fall in blood 
pressure with obliteration of the pulse, ashen pallor rather than cyanosis, 
and pulmonaiy inundation. The disproportion between the force of the 
cardiac impulse and the quality of the pulse, together with the increasing 
thrill and murmur and the absent second sound would appear to be par- 
ticularly suggestive of septal perforation. 

The elapsed time from the onset of symptoms until rupture of the 
.septum, according to a survey of the five cases at hand, varies from tivo 
days to six weeks. 

Pui)ture of the heart into the pericardium usually causes instantaneous 
death, or the patient may go into profound shock and die in a few hours. 
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Tiic lengtii of life is somew]iat longer, however, following interventrieU' 
iar rupture as shown in Table II. 

Table II 

Length op Life After InterventeiguIiAii Rupture 


Latham’s case No. 1 17 hours 

Latham’s case No. 2 3 days 

Hyman’s case 51 hours 

Our ease No. 1 3SJ hours 

Our case No. 2 11 days 


Rupture of an aneurysm of the right anterior aortic sinus of Valsalva 
occiu's suddenly in a person in apparently 2ierfeet health, and the pa- 
tient may survive the rupture for years, the accompanying precordial 
thrill and murmur persisting imehanged. Furthermore, the rupture of 
suck aneurysms occurs in relatively young individuals. The symptoms in 
such individuals are usually less serious because of the better condition 
of the musculature of the heart. The sudden diverting of part of the 
hloQtl stream from the systemic circulation through the septum into the 
• lesser circulation is followed by considerable strain upon the muscula- 
ture of the right ventricle. A healthy musculature will be able to com- 
pensate for this added load, and the heart will continue to function in a 
satisfactory manner ; but if the muscle is already diseased, congestive 
failni'e develops in the lesser circulation. 


The location of the perforation itself probably lias little effect upon 
the elech-oeardiographic tracing, but it is interesting that no more serious 
01 specific changes are present. The location of the septal infarction 
J'-ould appear to be sufficiently distal to permit the main conduction 
lundles to escape. The higher in the septum the infarct extends, the 
inoie piofoimcl are the observed electrocardiographic alterations, 
tin septal" perforation in comparison with external perfora- 

11 vou seem to be due to the relative freedom of the septum from 
Pi’esstire applied to the two. sides. While the pres- 
mvmJlT probably rises to some 200 mm. Hg in the 

pressing !! 1 f on the other side of the ventricle by a 

Pudouhtedlv ^ of coronary occlusion there is 

the ratio Iflll+T intracardiae pressure in both chambers, ‘ 

TIuk fi, • would probably show less pronounced altera- 

Pplced. infarcti'L™/?^^*^" septum ivould tend to be preserved. 

^^■o«hl appear to l/ i rare, but its perforation 

pulselessness, Clieyne-Stokes respira- 
'ntu'nmr wliieh is 00^ conjunction with a loud systolic 

the other heart souu^^^ ^ I character and intensity of 

« somethiuo indicates that 

sP renting the forward propulsion of the blood. In 
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view of the pathologic condition it is easy to see that the development of 
shock with deficient cii’culation, a loud s.vstolie murmur and thrill, and 
no pulse, would result from blood in the left ventricle being forced 
through the septum into the right ventricle through a roughened orifice. 
This is brought about by the fact that the pressure is physiologically 
highest in the left ventricle. Pallor and shock rather than cyanosis re- 
sult because the blood is propelled into the lungs from both chambers of 
the heart and accumulates there rather than in the bodj^, but is essentially 
well aerated. 

The symptomatology'’ of ruptured aneurysm of the right anterior 
aortic sinus of Valsalva, leading to communication between the aorta 
and the base of the right ventricle as given by Abbott, shows many points 
of similarity, including dyspnea without cyanosis, precordial vibration 
and thrill of intense purring character, loud sawing murmur, etc. This 
condition as well as pure ventricular rupture may be differentiated from 
patent ductus by the extremely superficial character relative to the 
chest wall and by the location and intensity of the sounds. A history of 
marked pulsation in the temples and vessels of the neck, dyspnea on ex- 
ertion without cyanosis or edema, precordial vibration and a strong- 
diastolic thrill over the precordium, a systolic thrill in vessels of the neck, 
a loud rough diastolic murmur at the base with systolic and diastolic 
murmur at the apex as in Abbott ’s ease may^ indicate that the patient is 
suffering from a ruptured aneury'sm of the right anterior sinus of Val- 
salva, especially if the patient is relatively^ young. Such a condition may 
be compatible with life for years. This is not so with ruptured inter- 
ventricular septum which is alway^s a terminal process and occurs in old 
age. 

The s.vmptomatology^ of other eases of cardiac rupture is quite dif- 
ferent. Where the rupture is into the pericardium, the patient is seen 
to fall over dead or is found dead. If the patient survives for a short 
time, the symptoms are those of acute collapse with .pallor, air hunger, 
marked cy'anosis, stertorous breathing, cold sweat and sometimes con- 
vulsions or uneonsciou.sness. Prior to the rupture the patient may^ have 
Imd cough, dy'spnea, vertigo, syuicope, hematemesis, anginal pain, diar- 
rhea, vomiting, etc., namely, the signs of coi’onaiy disease. 

SUMMARY AND CONCLUSIONS 

1. Two cases of perforation of the interventricular septum following 
coronaiy thrombosis are reported. 

2. This rare condition should be suspected when there is superimposed 
upon the picture of coronaiy occlasion a striking sy^mptom complex 
consisting of (a) jirogressive harsh s.vstolie murmur and thrill over the 
jn-eeordium, (b) gradual extinction of the aortic second sound, and (c) 
marked di.sproportion between the force of cardiac action and the 
strength of the pulse. 
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o jjje lueclianism seems plainly indicated. The septal perforation 
rinits passage of blood from the stronger left Amiitricle to the weaker 
ridit through a gap Avith rough edges reducing the stream that passes 
Ihe normal aortic opening into the general circulation. Death may take 
place from pulmonary congestion and edema before the opening is large 
eiioiuh to divert sufficient blood from the systemic circulation to cause 
disappearance of the pulse. 

4. The condition may be distinguished from congenital malformation 
liv the age and previous condition of the patient as well as the shorter 
survival period. 
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THE BLOOD PEESSURE AND ELECTROCAEDIOORAM IN 
EXPERIMENTAL PERICARDIAL EFFUSION'* 


Margaret Foulger, M.D., and John H. Foulger, M.D. , 
Cincinnati, Ohio 

A very detailed account of the blood pressure changes in dogs dur- 
ing experimental pericardial effusion was given by Cohnheim in his 
“Lectures on General PathologjE Oil was injected into the pericardial 
sacs of medium sized dogs and the pressure produced measured by an 
oil manometer. Kymogi'aphic tracings of the blood pressure in the 
Jemoral and pulmonary arteries were made with mercury manometers, 
while the venous pressure was recorded by a sodium carbonate manom- 
eter attached to the external jugular vein. The concentration of sodium 
carbonate solution used was not stated. Cohnheim found that an intra- 
pericardial pressure of 30 to 40 mm. of oil caused a slight rise in venous 
pressure. An oil pressure of 60 to 70 mm. produced a fall of 20 to 
30 mm. Hg in the arterial pressures and a rise of venous pressure to 
about 60 mm. of sodium carbonate solution. When the intrapericardial 
pressure reached 100 to 120 mm. of oil, the pulmonary and femoral 
pressures fell to about one-half of their original values, and the respira- 
tory and systolic fluctuations of the mercuiy manometers were decidedly 
damped. The venous pressure rose to about 100 mm. of sodium car- 
bonate solution. ‘Further increase of pressure in the pericardium re- 
duced the arterial pressure almo.st to zero, the pulse pressure disappear- 
ing first in the pulmonary and a little later in the femoral artery. The 
jugular pressure increased greatly. Usually an oil pressure of about 
240 nun. was sufficient to reduce the pressure in the pulmonary artery to 
a minimum, while the femoral tracings still showed slight pulsations. 
The manometer in the external jugular vein then recorded more than' 
220 mm. of sodium carbonate solution. This condition of minimal arte- 
rial pressure eould be maintained for two to three minutes without caus- 
ing serious eardiae damage. On reducing the intrapericardial pressure 
the pulse appeared first in the pulmonary artery. The pulse waves 
were at first large and infrequent but soon returned to normal size. The 
arterial pressures rose rapidly to their normal values and usually slightly 
higher, while the venous pressure fell to zero. Cohnheim noted that if 
an increased intrapericardial pressure were maintained for a few min- 
utes there was a gradual stretching of the pericardium Avhich, of course, 
led to a diminution of the pressure in the pericardial sac and to a slight 
rise in arterial and fall in venous pressure. 

Recently Scott, Feil and Ivatz= reported a case of hemopericardium 
and another of purulent iiericarditis in Avhieh changes occurred in the 
electroeardiogi'am similar to those observed in recent myocardial in- 

•From the Departments of Internal Medicine and Pharmacology. College of 
Medicine. University of Cincinnati. 


744 



FOULGER and FOULGER : EXPERIHrUNTAL PERlCAUDIAb 15PPUS10N 


745 


farctioiE an(l animal experiments they prodneeil similar olcctrocardio- 
lapliic changes by artificial pericardial cfCnsions.^’ 

” ‘li the suggestion of Processor Koger S. hlorj-is we sought more com- 

lete recorcirof the relationship between intraperieardial and arterial 
Lssm-es and the clcctroeardiograni to determine, if possible, how great 
a pressure in the pericardial sac is necessary to cause obvious changes in 
the T-wave of the electrocardiogram. 

Medium sized dogs were given h.vpo<lermic iii.icelions of % to ~';t grain inorpliino 
sulpliate and anestlietizcd witli oilier. A tracheal cannula was inserted for control 
of tiio aiicstlietie. The pressure in the right, carotiil artery Avas recorded by a lucreury 
manometer. The chest was opened and artificial resjuratiou established. The intra- 
pcrkardial pressure avas varied by introduction of saline tbrnngb a suitable cannula 
and measured by a mercury nianoineter. In.ieetion of drug.s ivas made from burettes 
atlaelicd to cannulas in the femoral veins. Electrocardiographic tracings were re- 
corded in Load II, using the Victor apparatus. The times of taking these records 
were marked on the kymograjdi by an electromagnetic signal. Throughout these ex- 
periments the chest avas kept o])en. The thoracic organs wcr(« ]>rotected from drying 
hv a layer of paraffin. 

Our kymograpliic records completely confirmed the dtita of Cobnheim. 
A gradual increase in the iiitrnperieardial pressure etiused a fall in 
carotid pressure. The pulse prc.ssure diminished nml liually Iho carotid 
pressure tracing became a straight line parallel to and tilmost touching 
the base line. If the increases in the iutrapcrietirdial pressure were 
made bj* stages, there were established definite levels of tirterijil ])ressui’c 
for each stage. These were maintained usually for a minute or more, hut 
then a slight ri.se in blood pressure was eaused by stretching of the 
, pericardimn. When the intraperieardial prc.ssure was slowly but con- 
tinuously increased, there appeared to l)e a definite mathematical rela- 
tionship between the pressure in the pericardial sac and that in the 
carotid artery, which was expressed by the general foiunula 


l\ = 


Po 


(ax-f hx-'-i cx-'-bdx') 


in which 


m.c 


b, c, d 


Po is the initial blood pressure (mean of systolic and 
diastolic pressures) in mm. Hg, 

P-x is the mean blood jn’essure under an iutraperi- 
cardial pressure of 
^ mm. Hg, and 


uie constants for the particular experiment. 

w calculated blood pre.ssures in a typical experiment 

b = ~ 0 007^7 ^ ^ ® n Po = 92 ; m = 0.9828 ; a = -b 0.02321 ; 

mediate intraperieardial pressure there was not an inv 

Ponse m blood pressure if this had been reduced to a mini- 
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Table I 


INTRAPERICARDIAL PKESSORE 

MM. HG ■ 

MEAX CAROTID ARTERIAL 

MM. IIG 

PRESSURE 


OBS. 


CALC. 

2 

91 


91.8 

4 

90 


88.2 

6 

83 


83.0 

S 

70 


71.9 

10 

57 


•56.7 

12 

40 


40.9 

14 

27 


27.1 

16 

17 


16.6 

18 

10 


10.1 

20 

6 


0.3 


mum. After a shoi-t 2 Dause the heart began to beat forcefully and usually 
in such a way as to produce violent oscillations in the carotid pressure 
tracing and sometimes also in the ti‘aeing of the intraperieardial pres- 
sure. The pulse became more rapid, arterial and pulse pressures in- 
creased, and soon the heart was restored to normal activity. Fig. 1 
shows the whole cycle of pressure changes, while Fig. 2 is an example of 
the more violent oscillations in the blood pressure tracing on reduction 
of pressure in the pericardial sac. 

These changes in the intraperieardial pressure could be repeated 
many times on the same an^ial without any aiipreciable change in the 
myocardium but with a gradual stretching of the pericardium. This 
stretching was indicated bj* the increasing volume of fluid which must 
flow into the pericardial sac to produce a given intraperieardial pressure. 

The actual volumes of saline introduced into the pericardial sac were 
not usually reeoi’ded, but data from a typical exiieriment ar» shown in 
Table II. It will be seen, as noted by Katz and Gauchat,'* that there is 
not a simple arithmetic ratio between the volume of the fluid introduced 
and the pressure caused by this fluid. The actual relationshiji between 
volume and pressure is expressed by the exiionential formula 

aV. 

P = e 

For the calculated data of Table II the value of a was 0.0165. 


Table II 


SALINE INJECTED 

ME.VN CAROTID PRESSURE 

MM. HG 

INTRAPERI CARDIAL 

MM. HG 

OBS. 

PRESSURE 

CALC. 

0 

96 

0.0 

0.0 

25 

95 

1.5 

1.5 

50 

90 

2.5 

2.3 

75 

78 

4.0 

3.5 

100 

64 

0.0 

5.2 

125 

28 

8.0 

7.9 

150 

10 

12.0 

11.9 

175 

o 

18.0 

18.0 
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Fig. 1, — The influence o£ intraperlcardial pressure upon blood pressure. 







itl 


RjC* 


BolU/ - ItaxA . 

^ ^ * i 



Fig. 2. Recovery from i^nt^Pericardial pre.ssure. Note the large pulsa- 
tions jn the carotid arterv. ^ 





Pig. 3. — The electrocardiogram during changes in intrapericardial pressure. 
A, B, C during increasing pressui'e. Note the gradual inversion of the T- waves. D, E 
during recovery on release of pressure. The numerals indicate the intrapericardial 
pressure in millimeters Hg. 


Fig. 4. — Striking examples of QRS segments and T-waves during changes in intra- 
pericardial pressure. The numerals indicate pressure in millimeters Hg. The last 8 
examples were obtained during times marked 5 to 7 on Fig. 2. 
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The intrapericardial pressure necessary to produce a minimal blood 
pressure varied in our experiments from 15 to 19 mm. Hg. Colmlieim 
does not mention the specific gravity of the oil used in his pericardial 
manometer, but assuming it to have a value of 0.90 to 0.95 the pressure 
of 240 mm. oil which he usually found adequate to reduce the pulmonary 
arterial jiressure to a minimum would correspond to from 15.8 to 
17.0 mm. Hg. 







Fig. 5. — The influence of adrenalin on the electrocardiogram in increased intra- 
pericardial pressure. A is a control, i? shows inversion of T-waves by a pressure of 
4 mm. Hg in the pericardial sac. O' is a record taken six seconds after injecting 1 c.c. 
of 1:10,000 adrenalin solution into the femoral vein. The arterial pressure was be- 
ginning to rise at the commencement of this record. Note the restoration to posi- 
tive T-waves. D was taken tliirty-five seconds after the injection of adrenalin. The 
pressor effect of the drug had worn off. 


The changes in the electrocardiogram during increased intrapericardial 
pressure and during recovery on release of pressure are slioivn in Ifigs. 

3 and 4. Fig. 3 is an almost continuous record of one experiment. Fig. 

4 shows stages in production of coronary T-waves. This figure is con- 
structed from records of the same experiment as is shown partly in 
Fig. 2, the last S tracings being from electrocardiographic records taken 
during times marked 5, 6 and 7 on that figure. 

These changes in the electrocardiogram are similar to those recorded 
by Scott, Fell and Katz. The most marked features are the diminution 
in voltage of the QRS segments and the gradual inversion of the T-wave 
with production of the coronary tyjie. During recovery on release of 
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I'ressnre tliere was a gradual retui’n to normal, but usually in tlie early 
stages of recovery the QRS segments were of greater than normal volt- 
age, and there was an increase in A'entricular rate. 

By correlation of eleetrocardiographie with kymograph tracings it Avas 
found that a definite change in the T-AvaAm toAvard negathuty Avas ahvays 
produced by an intrapericardial pressure of from 3 to 8 mm. Hg. 

It appeared of intere.st to examine the influence upon the electrocardio- 
gram of pre.ssor drugs injected AAdiile the intrapericardial pressure AA^as 
increased. Adrenalin (1 e.c. of 1 in 10,000 solution) shoAved the typical 
blood pressure rise if the intrapericardial pressure Avere not too high. 
There Avas sometimes, but not ahvays, a corresponding rise in the intra- 
perieai’dial pressure. Adrenalin restored the T-AA^aves to their normal 
positivity, this effect commencing cA^en before the rise in arterial pressure 
and continuing after the pressor effect of the drug had disappeared 
(Fig. 5). This result AA^as still sIioaaui when the rise in arterial pressure 
caused an increase in intrapericardial pressure. If, hoAveA’^er, the pres- 
sure in the pericardial sac AA'-ere suffieiently high at the time of injection 
of adrenalin, there AA'^as no rise in blood pressure and the changes in 
T-AvaA^es Avere absent. But the blood pressure rose in the usual fashion 
immediately the intrapericardial pressure Avas released. If the pressure 
in the pericardial sac Avere sufficient to pi’oduce a minimal arterial pres- 
sure at the time of injection of adrenalin, then, on release of this intra- 
pericardial pressure, the heart beat A’'ery irregularly. The intravenous 
injection of 2 c.c. of a 0.5 per cent solution of ephedrine sulphate Avhile 
the intrapericardial pressure Avas raised produced the same changes as 
did adrenalin. And once moi’e the pressor effect Avas absent if the intra- 
pericardial pressure Avere too high and appeared immediately this pres- 
sure AA^as released. A large pericardial effusion obAuously greatly hinders 
circulation. 

In applying to clinical studies the results of such experiments as are 
recorded aboA^e, it is important to consider the factor of time. In the 
laboratory one can only obserA’^e the influence of acute pericardial effu- 
sions upon blood pressure and the electrocardiogram. In clinical practice 
one meets more often AA'ith effusions sloAAdy accumulating. Ea’^cu in the 
laboratory one observes a gradual relaxation of the pericardium sufficient 
to compensate for the acutely produced intrapericardial pressure. This 
is especially the case AAdien the pres.sure produced is of that order ju.st 
sufficient to cause a reAmrsal of T-AvaA'^es, viz., a pressure of 3 to 8 mm. Hg. 
Unless such a pressure be maintained by increasing the A^olume of the 
injected fluid, it aauII be spontaneously and rather rapidly diminished by 
stretching of the pericardium and the electrocardiogram Avill rcA^ert to 
noi’mal. It is understandable, therefore, that single, isolated observa- 
tions of blood pressure and the electi’ocardiogTam in clinical cases Avill 
often fail to shoAV the abnormalities AAdiich have been produced* in our 
experiments. 'When such abnormalities are obseiwed clinically, then one 
may conclude either that the pericardial effusion is of very recent forma- 
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lion or that it is of such a volume as to have extended to the limit the 
power of relaxation of the pericardium and this volume of effusion must 
be greater than would he necessary, in the laboratory, to produce equiva- 
lent changes in blood pressure and cardiac activity. 

Pyo]iericardium is uncommon clinically. Yet the rapid accumulation 
of a purulent exudate in the pericardium may re])roduce the conditions 
of our experiments, as in the case reported by Harvey and Scott. “ The 
coronary type of T-wave, associated with pain, fever, lowered blood 
pressure and Icucocylosis, is most often seen in cases of coronary occlu- 
sion. Unless the physical signs of pericardial effusion are clear or sug- 
gestive, the differential diagnosis may be difficult or impossible. X-ray 
films of the che.st may aid in the differentiation. 


SUMMARY 

1. The increase in intraiiericardial pressure cau.scd by an acute peri- 
cardial effusion produces a fall in arterial blood pressure. 

2. If the intrapericardial ]ire.ssurc be increased by stages, there is a 
definite blood pressure established for each stage. This blood pressure 
is maintained for a minute or more, but there finally occurs a stretching 
of the pericardium which tends to restore normal conditions. 

3. If the intrajiericardial ])re.ssure be slowly and continuously in- 
creased, there is a definite mathematical relation.ship between the pres- 
sure in the iioricardial sac and the arterial blood pressure. 

4. During an increase in the intrapericardial pressure there occur 
changes in the electrocardiogram, as described by Katr-, Fell and Scott, 
consisting chiefly of a gradual diminution in the voltage of the QRS seg- 
ments and develoimient of and increase in negativity of the T-waves, this 
latter change extending even to the production of T-waves of the coronary 
type. 

5. An intrajiericardial pressure of 3 to 8 mm. Hg is .sufficient to pro- 
duce an obviously negative T-wave. 

6. When the intraiiericardial pressure is sufficiently high to produce 
negative T-waves, the intravenous injection of adrenalin or ephedrinc 
sulphate solutions will re.store the electrocardiogram to normal. This 
change commences before the iircssor effect, of the drugs is evident on a 
carotid pressure tracing and persists after that effect has worn off. It 
is shown also even if the rise in arterial iiressure is accompanied by a. 
rise in intrapericardial pressure. 

7. If the intrapericardial pressiU'C be sufficiently high, the circulation 
is hindered to such an extent that neither adrenalin nor ephedrine will 
cause a rise in arterial pressure. But this rise occurs immediately on re- 
rise in intrapericardial pre.ssure. 

8. The negative T-wave may resemble in all respects that seen in 
coronary occlusion. Since the rapid accumulation of a purulent exudate 
in the pericardium may be accompanied by intense pain, lowering of the 
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blood pressure, fever and leucoe3i:osis, suggesting ooronaiy occlusion, the 
presence of a coronary T-wave iii such a case maj' otier great diagnostic 
difficulties. 

The authors wsh to express their sincere thanks to Dr. E. S. Morris for his con- 
tinuous and encouraging interest in this work. 
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PARTIAL BUNDLE-BRANCH BLOCK'U 

L. N. Katz, M.D., W. W. Hambtjrger, M.D., 

AND S. IT. Rubinfei.d, M.D. 

Chicago, III. 

A ttention has been called recently to the occurrence of transient 
hundle-hranch block of various types,^'^'* which usually takes the 
form of a 2 :1 partial bundle-branch block. In the cases reported there 
have been included cases of alternation between right and left bundle- 
branch block. Transient bundle-branch block has been assumed to occur 
as the result of functional disturbances in the conduction paths, the 
cause of which has been ascribed to various factors. An unusual case 
of partial bundle-branch block of one bundle associated with bundle- 
branch block of the opposite bundle (at times leading’ to alternation) 
and incomplete A-Y block of first and second degrees, is presented 
because it throws light on a mechanism which can produce partial bun- 
dle-branch block. 


CASE REPORT (SUMMARY ) 

Dinah P., liouscv’ifo, aged sixty-five years, was admitted to the hospital on 
Jan. 3, 1931, complaining of an attack of dizziness and faintness. She noticed 
these attacks for the first time about three weeks previously. These attacks came 
on at work with only moderate exertion, lasted several minutes, and became as 
frequent as tliree a day before admission. 

She had been under medical management for peptic ulcer for the past five years; 
otherwise her past histor}' is irrelevant. 

On physical examination the patient appeared aged, undernourished and was 
lyuig comfortably bi bed. She had an arcus senilis and bilateral nuclear cataracts. 
The lungs were clear throughout. The heart was but slightly enlarged to the left, 
and its sounds were distant and muffled. A presystolic gallop rhythm was present. 
The aortic second sound was accentuated and louder than the pulmonic second. The 
pulse rate Avas 64 and grossly irregular. 

The patient Avas kept in the hospital until Peb. 27, 1931, during AA'hich time 
various therapeutic procedures Avere. tried, as folloAvs: 

1. Oxj’gen tent, Jan. 6 to Jan. 12. 

2. Atropine sulphate gr. 1/50 hypodermically (a) .Tan. 23, (b) Feb. 4. 

3. Camphor in oil hypodermically, 1 c.c., Jan. 28. 

4. Caffeine benzoate hypodermically, 7% gr., Feb. 1. 

5. Adrenalin, 1 c.c. of 1/1000 solution hypodermically (a) Jan. 27 (b) Feb. 25. 

6. Glucose, 50 c.c. of a 50 per cent solution intraAmnously, and insulin, 25 units 
intramuscularly (a) Feb. 18, glucose gwen first; (b) Feb. 3, insulin given first. 

7. High carbohydrate diet, as tolerated, consisting of protein 50 gm., fats 80 gm., 
carbohydrates 250 gm. Feb. 7 to Feb. 27. 

Laboratory Data. — ^'’assermann reaction Avas negative. Blood sugar ranged 
from 76 to 86 mg.; blood nonprotein nitrogen ranged from 38 to 58; blood creatinine 
ranged from 1.7 to 2.0; and blood cholesterol ranged from 227 to 231. On Jan. 5, 
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tlie red blood cells were 4,240,000, licmoglobin 70 per cent; her blood pressure 
varied from 130/Go to 15S/6o; and the urine and stools were negative on repeated 
examination. 

The diagnosis on discharge was arteriosclerotic heart disease, Stokes-Adams 
syndrome and chronic atrophic emphysema. 

DISCUSSION 

Tlie various therapeutic regimes were without apparent effect on the 
cardiac mechanism except in tlie ease of atropine and adrenalin. 
Atropine produeed an acceleration in sinus rate and adrenalin tended 




Figr..l.— Sho\ys the effect of adrenalin on the A-V block. Segment A, taken before 
adrenalin was given, sliows 2 :1 A-V block with a P-R interval in the conducted beat 
prolonged and a single type of bundle-branch ‘ block, the dominant type. Segments 
n and C were taken after the administration of 1 c.c. of 1/1000 adrenalin hvpo- 
dernncally. In segment R there is 1:1 conduction with prolonged P-R inteiwal. Note 
the larfre, upnprlit T-waves in all leads. In segment C there are occasional dropped 
beats and typical AVenckebach periods. Note that the T-waves are smaller in this 
segment. In this figure the P-waves are labelled. 
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to improve tlie A-V conduction and altered the ventricular deflections 
by increasing the amplitude of the T-wave. In Fig. lA is shoivn the 
change from a 2:1 A-V block before adrenalin (segment A) with P-E, 
of 0.26 sec. to a 1 :1 conduction with P-R of 0.28 sec. in segment B dur- 
ing adrenalin; after the maximum effect of adrenalin had worn off 
there appeared frequent dropped beats and Wenchehach periods (seg- 
ment C). These changes in A-V block occurred without any alteration 
in sinus rate. The intraventricular block in this illustration is of the 
predominant type seen in this patient and according to classical terminol- 
ogy would be called a right bundle-branch block. The changes in 
T-wave follovdng adrenalin are clearly seen. 


Table I 


A-V BLOCK bundle-branch BLOCK 

SINUS RATE 

AVERAGE 

(CLASSICAL TERMINOLOGY) 



Prolonged P-R 

right 

54, 55, 56, 56, 58. 58 

60, 62. 62, 65*, 65*, 67* 

63 

(57)t 



71*. 71*. 72*. 72* 

Prolonged P-R, 
occasional dropped 

right 

68, 68, 68 

72, 73, 75 

71 

Beats 




Prolonged P-R, 

right 

55 

69 

dropped beats 

and 

60, 62, 66, 68 



leftt 

72. 75. 75*. 77 


Prolonged P-R, 

right 

60, 62, 67, 68, 68, 68 

74 

dropped beats 

and 

72, 75, 75, 75, 75, 70, 79, 79 



left^ 

81, 83, 88 


2:1 

right 

72, 75, 76, 79 

SI, 86 

94 

107,107 

84 


♦During adrenalin ex])eriment. 

tAverage of rate omitting adrenalin experiment. 

fRight" type of eomplexes occur in some of conducted impulses without previous 
beat being dropped. 

§ “Right” type of complexes occur only after previous dropped beat. 

An analysis of the 61 sets of curves taken on this patient showed 
that, considering the variety of conditions under which these records 
were taken, a correlation could be made between the mechanism and 
the sinus rate. There were of course other influences besides heart rate 
which affected the conduction of the impulse through the ventricles as 
the experiment with adrenalin cited above demonstrated. The presence 
of a sinus arrhythmia and occasional nodal extrasystoles (viz., Lead III, 
Pig. 2B) further complicated the situation. The data of this correlation 
are assembled in Table I. At the slower and the faster rates only the 
so-called right bundle-branch block was present, in the former with 1 :1 
and in the latter with 2 :1 A-V conduction. In the intermediate range 
of sinus rates the block was less regular, Wenckebach periods occurred 
and there were frequent dropped beats. In this sinus rate range an 


♦The classical terminology will be followed in this report. 
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interesting plienomenon appeared, viz., tran.sient block of the other 
bundle branch (the left). The change in block from right to left 
occurred at times for a number of successive beats as in Lead I of Fig. 
2A, on the one hand, and for an occasional beat, as in Lead II of Fig. 
2A, on the other. Other combinations were seen, viz., 4:3 block with 
the right type after the blocked auricular impulse, the left in the others, 
as in Lead III of Fig. 2A ; and 3 :2 block as in Fig. 3A with an alterna- 
tion of the type of bundle-branch block between right and left, the 
former occurring after the blocked auricular impulse. Irregular tyjies 
such as shown in Fig. 27? and 37? were also observed often. Wenckebach 
periods with progressive lengthening of P-R occurred when the transient 
left bundle-branch block was iiresent, just as was the case when the 
right bundle-branch block was present (com])arc Lead III of Fig. 2A, all 
leads of Fig. 27?, and Fig. oB with all leads of Fig. IB). In fact the 
lirogi’cssive lengthening of P-l? was equivalent in the two types of bun- 
dle-branch block as can be seen by comparing the P-R intervals of the 



Pig-, o. — Segment A show.s an .altcrnan.'? between the two tyjies of bundle-branch 
block, asspociatod with a :1 :2 A-V block. Segment li shows in a single lead the appear- 
ance of 1:1 conduction of the two typos of bundle-branch block. The P-waves in 
this Illustration are so labelled. 

last three ventricular complexes of Fig. 37? with the first three or middle 
three. 

There can be no question that the severity of the A-V block was 
dependent on the sinus rate; the block increasing, with some variation, 
from a simple ]n-olongation of the P-R interval to a 2:1 conduction. 
The administration of adrenalin was the only iirocedure with noticeably 
altered this relationship by improving A-V conduction without changing 
the sinus rate. The other thera])eutic procedures either had no apparent 
effect or acted by ebanging the sinus rate, as in. the case of atropine. 

The occurrence of a transient left bundle-branch block was limited 
to the intermediate sinus rate range (see Table I). In no instance did 
this transient left block occur after a dropped beat. In other words, it 
always occurred after at least one previous conducted impulse. The 
folloAving explanation is offered to account for this peculiar phenomenon : 

There is in this ease a ])ermanent organic damage in the right bundle 
branch and in the A-V junctional pathway. The block in this bundle 
branch is unaffected by changes in heart rate in the range studied; 
that of the A-V junctional tissue varies with the sinus rate. The block 
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in the left bundle is more extensive than in the lught but is not per- 
manent. If sufficient time is alloAved for recovery after the passage of 
an impulse, before the following impulse reaches it, the impulse will 
pass without any appreciable delay. If, however, the second impulse 
comes earlier, it is completely blocked; that is to say, it reaches the 
left ventricle Ih' a circuitous route. Of course, the impulse is delayed 
to both ventricles under these circumstances but reaches the right sooner 
than the left. Since the QES complex is not regi.stered until some of 
tlie ventricle is activated, the delay of the imiDulse in reaching the right 
ventricle can only prolong the P-R slightly; and since the right is 
activated before the left ventricle, the complex will take on the ai^pear- 
ance of left bundle-branch block. 


SUMMARY 

A case is reported in which there is a combination of a region of 
permanent and complete block of one bundle branch associated with 
less complete but more extensive block in the other bundle, and com- 
plicated by the presence of incomplete block of the A-V junction. The 
presence of this combination with changing ventricular rate eaused the 
appearance of ti’ansient bundle-branch block of one type to be superim- 
posed on that of the opposite type, with, at times, an alternation 
between the two. 
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POSSIBLE INTKANODAL BLOCK. A REPORT OF CASES'^ 

Eimme'L’ B. Bay, and Wright Adams, iM.D. 

Chicago, Icl. 

T his report is coneei'iietl with electrocardiograms from three eases 
showing' rhythmic deflections at a regular rate, unrelated to the 
normal aiiriculo-ventrieular complexes. 

In one ease these deflections are identical in form with the P-waves of 
the aiiriculo-ventrieular complexes. The latter complexes have normal 
P-R intervals. The electrocardiogram from this case gives the im- 
pre.ssion of a double auricular rhythm, that is, of two sets of auricular 
contractions, both rhythmical, but unrelated to each other. The extra 
rhythm in the other two eases does not appear so evidently aiuieular in 
origin, hut some features are suggestive. 


CASE REPORTS 

Cask 1. ,T. K., Unit No. 2:')07(i, ii white male twenty-two years old, was admitted 
to the hospital bec.Muse of ;u;uto rheumatic fever. The onset was sudden ^dth stilT- 
ne.ss, pain and swelling of both ankles together with fever and sweating. The pa- 
tient had noted these symptoms six weeks prior to entrance upon waking from a 
nap taken in his automobile on a rainy day. The symptoms had diminished some- 
what at the time of entrance. Anorexia had byen present for the first three weeks, 
and during tlic six weeks the jiatient had lost twenty pounds in weight. Otherwise 
the history w.as insignificant. 

Physical examination showed the pharynx to be injected, the left tonsil large, 
cryptic and moderately injected. The anterior cervical chain of glands was palpable 
on botli sides, but the glands were larger on the left (almond size). Swelling and 
redness in the region of the malleoli Avere present in both ankles. The skin was 
damp and cold. Otherwise the examination Avas negative. 

The temperature Avas 101.(1° F. rectally, the pvilse rate Avas 00 per minute. The 
leucocyte count Avas 10,000 ])er c.mm. The red blood count and hemoglobin Avere 
normal. The Wassermann and Kahn tests A\-ere negative. The urine Avas normal. 

Within six days after admission the temperature Avas normal, the excessiA-e per- 
spiration had stopped, and the SAA-elling and iiain in the joints AA’ere loss, although 
during that time he had complained of pain and stiffness in the right shoulder and 
fingers, and in the lumbar region at times. On tAvo or three occasions a soft apical 
systolic murmur Avas heard, but this Avas not constant. Electrocardiograms Avere 
taken on the tenth and eleventh days of hospitalization. On the fourteenth day the 
symptoms had disappeared and the patient left the hospital against advice. 

Ill Lead I of the flvst electTocavdiogram, (Fig. lA) the peculiar ap- 
pearance of two iudependciit .sets of auricular ivaves is seen. This find- 
ing was not present in the tracing taken the folloiving day. 

It is cpiite evident tliat in this case tliere is no noticeable difference in 
the form of the auricular waives preceding the ventricular complexes and 
the waves of the other set. Tliis otlier set is rhythmic, we think, althougli 

*From the Department of Aleclicine of the UniA'ersity of Chicago. 
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some of tlie Avaves are not eA'iclent because of coincident A’entrieular com- 
plexes. The intervals l)etvveen the waves vary from 0.42 to 0.56 sec- 
onds Avith an average rate of 113 per minute. The auriculo-ventrieular 
complexes occur at an aA’erage rate of 85 j)er minute. The cui’A'C sIioavs 
a slight sinus arrhythmia, and both sets of Avaves Amry practically to- 
gether but not to the same extent. This relation, together Avith the sim- 
ilarity in form of the regular auricular Avaves and the AA^aves of the 
other set, makes it probable that they are both cardiac in origin. 

Case 2. L. M., Unit No. 382, a Jewish girl nine years old, lias been under observa- 
tion from time to time for the past three years. Prior to admission here the only 
past history of importance Avas scarlatina at the age of six, uncomplicated. Theve 
is a family history of sj’philis. 



Pig. 1. — Short .sections of electrocardiograms from the cases Avitli abnormal rhyth- 
mic deflections. A.. Lead I from Case 1. The abnormal waves are indicated by ar- 
rows. J>, Lead I from Case 2. C', Lead III from Case 2. V, Lead II from Case 3. 


Although she tvas examined several times during tliese three years, nothing refer- 
able to the cardiovascular system tvorthy of note Avas discovered until June of 1931, 
Avith the possible exception of au attack of acute tonsillitis, for which tonsillectomy 
Avas finally performed in June of 1930. 

In June of 1931 she Avas hospitalized because of a gastrointestinal upset Avith 
slight temperature, nausea, vomiting and generalized abdominal pain AA-hich persisted 
for fi\-e or six days. The leucocyte count rose as high as 15,500, Avith 75 per cent 
polymorphonuclears. The gastrointestinal symptoms, temperature and leucocytosis 
subsided entirely, but shortly before discharge a duplication of the first heart sound 
at the apex Avas noted. The blood pressure Avas lOG mm. of mercury systolic and 
7C mm. diastolic in the sitting position. In the supine position the systolic pressure 
Avas 102 mm., and the diastolic pressure could not bo read, the sharp sounds persisting 
to the zero mark. IMarked sinus arrhythmia Avas iiresent. 

An electrocardiogram Avas taken, Leads I and III of Avhich are shOAvn in Fig. 1 
7J and C. From that time until the present the patient has been folloAA'ed and six 
elect rocardiogr.ams have been taken, Avithout any reappearance of the peculiar do- 
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flections of the first, tracing. Tlie heart fiiuVinKs remain the same except tliat rc- 
eently there has been a loud nuisieal murmur, liest heard in the second interspace to 
tlio riglit of the sternum, at times to-and-fro, and at times limited to diastole. Tliis 
murmur is ]irosent only wlien the patient is in the upright position, disappearing en- 
tirely wlien she lies down. Tlie blood pressure readings remain the same. 

The elcelroeavdiognim froin this shows clefieetioiis in Leads I 

and III similar to those in Lead 1 of the first ease in that they vary in 
rate Avitli tlie variations in rate of the normal eom])lexes dne to sinus 
arrhythmia but not to the same extent. The form of the waves, how- 
ever, is markedly different from that of the P-waves preceding the 
ventricular complexes. 

Case .'1. .T. C., Unit No. .il.")13, a white m.nlc twenty-five years old, with chronic 
glomerulonephritis, hyin-rtension, hy]iertensive neuroretinitis .and right facial paresis 
showed the elect rocardiogr.aphic maniCest.ations in question (Fig. 1 7)) about .a week 
before his death while he was suffering from tnyocardial insufliciency and uremia, 
although sever.al jirevions ami one subsiapient tr.acing furnished no further evidence 
of this Jibnormality. 


In this case lictid II shows rhythmic deflections at a slow rate, which 
is slightly variiihle. The interval varies from 1.25 to 1.-15 seconds Avith 
an iiverage rate of -12 per minute. The rate of the usutil aurieulo-vcn- 
triculiir eomidcxcs is absolutely regular at 1)2 per minute. 

The identity of these* rhythmic deficetions as evidences of auricular 
activity itt (.,'ases 2 and is t\(tt so apparent as in Case. 1. 


Dbscn.ssiox 

"Without the first ctise the other two might not he of sufficient interest 
to merit sj)ecial consideration, although it would be diffieidt to explain 
the abnormal wavi*s as artefacts. Artefacts might possibly occur rhyth- 
mically. as the result of tin* rhythmic contraction of .some extracardiac 
mu.sele, but it is dillicult to conceive of an extracardiac rhythm variable 
with the variability in heart rate due to sinus arrhythmia. "Wc believe 
that these Avaves are manifestations of cardiac activity, at least in Case 1. 

Case 1 has one jieculiarit a , not .shared by the others, that makes it 
seem even more likely that the Avaves arc of auricular origin ; namely, that 
the abnormal Avaves arc identical in form Avith the P-Avaves of the normal 
conpdexes. In this case, as in the othens, the Avaves are rhythmic and 
the rhythm varies Avith the siiuis arrhythmia of the heart. 

Fig. 2 .^1 shoAvs the rates of the tAvo rhythms plotted from Case 1. It 
Avill be noted that in general the inteiwals betAveen the normal complexes 
and the intervals betAveen the abnormal Avaves lengthen and shorten 
simultaneously. Fig. 2 B and C. sIioaa's similar graphs constructed from 
the curves from Case 2. No graph from Case 3 is shoAvn because, al- 
though the rhythm of the abnormal Avax'es is slightly A*ariable suggesting 
a sinus arrhythmia, the rate of the normal complexes is absolutely regu- 
lar. This makes it impossible to determine Avhether the A^ariations in 
rate are synchronous Avith re.spiratiou or not. 
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Tlie abnormal AvaAms occnr in very close proximity to normal anricnlar 
AA'aA'GS in some instances, and A^ery soon after the A’entricular complexes 
in others (see the second ventricular deflection in Fig. 1 A). They are 
present so soon after the ventricular complexes that the muscle Avhose 
stimulation gave rise to the Amntrieular complex must still be in a re- 
fractory phase. Since the QRS complexes are normal in appearance, it 
is extremely likely that all the A^entricular muscle is stimulated and con- 
tracts at the time of the A’-entideular complex. If this is true the abnor- 
mal Avaves cannot be the result of ventricular activity. The same argu- 
ment applies in the case of the auricular AvaA'^es except that the auricular 
complex is not so characteristic as the QRST, and it Avould be difficult 
to determine AA’hether all the auricular muscle aa^s stimulated at the time 



Fig. 2. — Graphs constructed from the electrocardiograms of Cases 1 and 2. The 
vertical distance represents tlie time in seconds between the P-waves of the normal 
complexes (heavy line) and between the abnormal waves (light line). The horizontal 
distance represents absolute time in seconds. A, Lead I from Case 1. B, Lead I from 
Case 2. C, Lead III from Case 2. 

of the P-Avave. It is possible, therefore, that the normal P-AA'aves and the 
abnormal AvaAms are the electrocardiographic expressions of the activity 
of separate portions of the auricular muscle. 

This AueAv is supported further by the fact that the abnormal Atmves 
are subject to the influences that cause sinus arrhjdhmia in the rate of 
the normal cycles. These influences are neurogenic and are carried bj' 
the extrinsic cardiac nei-Ams. It may be inferred that their effect is mani- 
fested chiefly in the region of the sinus node, because in eases of auriculo- 
ventricular nodal rhythm respiratory aiThythmia is rarely if ei^er seen. 
While this inference is open to some question, it makes it possible, or 
even probable, that the point of origin of the stimulus giAing rise to 
the abnormal Avaves is close to, or part of the sino-auricular node. This 
suggc.sts the possibility of a condition of block Avithin the sino-auricular 
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node with separate portions of the node oriiiinating- diti’erent sets of 


P-waves. 

We liave fonnd only one case similar to these in the literature. 
Sehrnmpf.^ in P)20 repoi'tod the ea.se of a man, thirty-seven ycai-s old, 
with rheumatic heart disease, mitral regurgitation, aortic insufficiency, 
and myocardial insufficiency, who, in a slate of digitalis intoxication 
showed a tracing similar in many re.spcets to the tracing from our Case 
3. In his patient the apjiarent double auricular rhythm persisted tor 
three days and disa])pcared as the digitalis intoxication subsided. He 
believed that because in many instances the P-waves and the abnormal 
waves were verv close, thev could not arise from the same nodal tissue, 


because of the refractory period of nodal tissue. 

He pointed out the desirability of demonstrating a double set of 
auricular waves in the venous pulse, tracing, corrcsjionding to the two 
sets of ajiparent P-waves in the electrocardiogram. This could not be 
done in his case because dy.s]inea made it impossible to take venous pul.se. 
tracings. To .support his ojiinion that the two anrieles contracted sepa- 
rately he presented the synchronized electrocardiographic and venous 
pulse tracings from a patient with broad notched P-waves in which he 
found a double auricular wave in the venous juilse tracing corresponding 
to the two jieaks of the I^-wave. This tracing is sugge.stive but not en- 
tirely convincing. He concluded that the best exiilanation of the curve 
was that the Kcith-Flack node was of dual character, that its two ])arts 
were associated with the two sides of the heart, that the two parts were 
completely dissociated, and that one auricle followed each ]uirt of the 
node. 

In ex])laining the fact that the ventricles always followed the same 
set of auricular imjndses he considered it ])i'obable that one set of im- 
pulses was relatively weak and that a condition comparable to auriculo- 
ventricular block existed between the portion of the node giving rise to 
the weak set of imi)ulses and the auriculo-ventricidar node, while the im- 
pulses giving rise to the other set of P-waves were stronger and the 
ventricles followed these as usual. 

Schrumpf’s article is a case report and is not supported by experi- 
mental work. It is of interest becaiise of the similarity of the electro- 
cardiograms from his case and with those from ours and because of his 
suggestion of the duality of the sino-auricular node. 

Pace" de.scribed the gross and micro.scojnc. form of the sinus node in 
the heart of a .sheep which ho .studied. In addition to the portion of the 
node extending from above downward and to the right in the region of 
the cavo-a\trieular sulcus, he found a i)rolongation extending from the 
upper end downward and to the left in the cavo-aurieular cone, terminat- 
ing in the interaurieular sejitum. He did not generalize regarding these 
findings but thought it, likely that they were an anomaly of the heart of 
the animal he studied. 
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Bruni,® at the same time as Pace, published a detailed anatomical 
study of the region of the sino-aurieular node. He studied the region 
in embryos of the sheep and ox, and selected the 20 cm. ox embryo for a 
detailed description because at this stage of development the structures 
were particularlj* well shown, and the node could be reconstructed in de- 
tail accurately. He was able, however, to show the same general struc- 
ture in hearts up to term. 

In the 20 cm. fetus the node consisted of a body in the form of a 
quadrilateral plate in the region of the terminal sulcus on the external 
surface of the anterior part of the superior vena cava, coming in con- 
tact with the pericardium. This plate extended into the sinus portion of 
the right auricle. Several branches of nodal tissue were described ex- 
tending from this plate, one from each anterior corner, left and right, 
the one on the left terminating in the interatrial sulcus. These were 
short and conical in form. Another, longer than these, extended up the 
right anterior wall of the superior vena cava. Two prolongations extend- 
ing obliquely’" in a caudal and ventral direction are of particular interest. 
One extended in the wall of the right auricle from the right side of 
the central plate toward the inferior vena cava but did not reach it. The 
other extended from the left side of the central plate into and through 
the interauricular septum. No direct communication between either of 
these branches and the node of Tawara was demonstrated. 

The studies of Pace and Bruni have this in common : they both found 
extensions of sinus nodal tissue into the interauricular septum. 

GeraudeP makes reference to this work and to an anatomical study by 
Segre, who, in serial sections from four human heaids, two in fetuses, 
one in a newborn, and one in a young person, demonstrated a horseshoe 
shaped mass of nodal tissue in the superior vena cava. The left branch 
of this nodal tissue extended into the interaiu’icular septum. This left 
branch he termed the node of Pace and Bruni. Geraudel was unable to 
demonstrate this left sided nodal tissue in adult hearts but thinks 
that the work of the several men on this subject deserves further 
consideration. 

Eoversi® reviewed the findings of Pace and Bruni in animals and re- 
ported experimental work of his own on dogs in support of their work. 
He believed that there were two masses of sino-aurieular nodal tissue 
connected by specific conduction tissue. He also believed that the orig- 
inal node of Keith and Flack initiated the impulse, which was trans- 
mitted to the node of Pace and Bruni and thence to the ventricles. Ac- 
cording to his conclusions the latter node could assume the functions of 
pace-maker in the event the node of Keith and Flack was destroyed. He 
was able to demonstrate to his own satisfaction, e.xperimentally, that if 
the conducting tissue between the nodes was destroyed two P-waves re- 
siilted electrocardiographieallj'. He interprets Sehrumpf’s curve ae- 
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cording to liis work to indicate a dissociation of the two parts of the shins 
node. He agreed until Sehriinipf ’s conclusion that it was probable that 
each auricle had its separate node and could be stimulated independently. 

One weakness of his argument in explaining Ihe double auricular 
rh.^dlim is the lack of evidence for his contention that the two auricles, 
as units, can be stimulated to contraction seiiarately. Inasmuch as it is 
generally believed that an auricular stimulus spreads by wa^^ of the ordi- 
nary myocardial tissue through both auricles, more evidence than he 
presents will be necessary to prove the hypothesis. 

Borman and Meek," in a study of hearts in dogs in which the sinus 
node had been destroyed by radon, found that the impulse arose in the 
region of the coronary sinus. This was in accord with the previous find- 
ings of Byster and Meek. The latter, destroying the node surgically, 
found a shortened P-B interval when the sino-anricular node was not 
active. Borman and McMillan," using radon, obtained normal electro- 
cardiograms with the sinus node destroyed. These findings are inter- 
esting in connection Avith a possible double auricular rhythm, if we con- 
sider the possibilitj' of a dissociation of the sinus node and the region of 
the coronary sinus, Avith both of them giving rise to stimuli at regular 
but different rates. An added difficulty arises in fitting this conception 
to our curves, liOAvever, in that the tAVO centers are in the same auricle. 

In spite of the fact that avc do not consider the conception of the dual 
character of the sino-auricular node adequately proved, Ave are unable 
to controvert it, but can only raise questions and objections. It offers 
an explanation of the curves avo have seen AAhich Avould be difficult to 
make under other circumstances, although other possibilities must be 
considered. Tavo of the chief alternatiAm hypotheses are: first, that 
the independent Avaves represent auricular extrasystoles AAhich are not 
folloAved by Amntrieular responses, and second, that the electrocardio- 
graphic deflections are due to some extracardiac influence. The first is 
open to one of the same objections as KoA'^ersi’s hypothesis, that is, the 
impulse gmng rise to the auricular extrasystole is ne\>^er propagated to 
the A’^entricles. The second seems unlikehL because in the tAvo eases in 
AAhich there is a sinus arrh3dhmia in the rh.Adhm of the normal complexes 
the rate of the abnormal AAUA’^es is A-ariable to some extent and the Amria- 
tions occur in rather close harmonj'- Avith the sinus arrhjhhmia of the 
normal complexes, though not to the same extent. 

The papers of SchrumiDf, Pace, Bruni, Boversi and Segre suggest the 
existence, perhaps as an anomaty, of a potentiallj’' double sino-auricular 
node, the tAvo elements of Avhich maj’- be dissociated under rare condi- 
tions by AAhat might be termed an intranodal block. We are unable to 
come to anj'- conclusions about the mechanism producing these electro- 
cardiographic manifestations. In anj'- event the existence of such curves 
in the presence of disease processes knoAvn to produce defects in intra- 
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cardiac conduction probably sbould be regarded as evidence of myo- 
cardial change, even in the absence of anj^ other objective sign of the 
latter. 

SUAIMARY AND CONCLUSIONS 

Some curves are presented showing an unusual ti-ansient disturbance 
of rhythm, associated in all instances Avitli other cardiac signs or SAunp- 
toms. No adequate explanation for the formation of the curves is gNen, 
although possible mechanisms are discussed, among the most likely being 
intranodal block, '^dien encountered in the course of pathological 
processes potentially damaging to the conduction mechanism of the heart 
such as those present in acute rheumatic fcAmr, diphtheria, arteriosclero- 
sis and others, they probably should be regarded as confirmatory, if not 
conclusiA'C, CA'idence of such damage. 
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INCIDENCE AND DEVELOPMENT OF HYPEPvTENSION AND 
HEART DISEASE IN RAILROAD EMPLOYEES''^ 

f 

John C. Parsons, M.D. 

Creston, Iowa 

I N THE past four years 1,390 physical examinations have been made 
in the office of the Division. Medical Examiner of the Chicago, 
Burlington, and Quincy Railroad. Of these, 618 were made on prospec- 
tive new employees, 679 Avere service reexaminations, Avhile 93 Avere 
examinations either for promotion or for increase in relief benefits — a 
term AA’hich really signifies increasing the insurance carried for them 
by the company, the premiums being deducted from their AA'ages. 

While becoming a member of the “relief” is not compulsory, nearly 
100 per cent of the employees on our diAUsion are members. They must 
pass as good an examination to be employed as to become a relief mem- 
ber. Besides requiring a physical examination on all prospectwe neAA' 
employees, the. medical department of the road also has decreed that 
all old employees having an;sdhing to do Avith the running or main- 
tenance of trains and equipment shall have a physical examination at 
least evei’v tAvo years. This includes engineers, firemen, conductors, 
brakemen, flagmen, yardmasters, SAvitchmen, SAvitcli tenders, dispateh- 
ei’s, AAure chiefs, telegraph operators, crossing gatemen, bridge and 
building foremen, derrick engineers, and section foremen. If at anj’ 
time anything develops in the examination of one of these men AAdiieh 
AA'ould make it expedient, to see him more often than every Iaa’o years, 
he is notified each year to appear for examination. These examinations 
are compulsory, and a man may be held off duty until examined if he 
is someAA'hat dilatory about going to the examiner's office. Usually, in 
order to help the men to remember, the examinations are arranged to 
take place in their birth month ; and besides that they are notified by 
mail AAfiien their examination is due. Engineers are ordinarily examined 
every year after the age of fifty and every six months after the age of 
sixty. If they continue in good physical condition, they are re- 
tired and pensioned at seventy. 

It is eAudent that AA'e haAi'e had an unusual opportunity for examining 
a group of men at regular inteiwals. The dcA’^elopment of symptoms 
and pathological findings has been noted AAuth great interest. There is 
no question as to Avhen one Avill again see the patient. We knoAV he aauII 
repoi-t for examination at a certain time, and if. Ave Avisli to see him 
more often, AA'e merely request that he come in CA’^ery three months or 
every month if necessary to check up his physical condition. The great 
majority of the men are interested in keeping fit, and thej^ usually re- 
ceive and act upon any suggestions for their physical betterment AAdth 
an admirably cooperative spirit. 

*ReacI before the Iowa Heart Association, Iowa City, Iowa, January 30, 1932. 
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The total nuinber of examinations of prospeeth’e new employees and 
of those for promotion or increase in relief insurance was 711 ; of these 
60. or 8.43 per cent, were rejected — ^pVacticalh' one out of every twelve. 
Half of these rejections, or 30 cases, were due to hypertension, heart 
damage, or a combination of the two. The other 30 men were re- 
jected for the following reasons: diabetes 9, defective fusion 6, hernia 3, 
albuminuria 3. acute urethritis 3, color blindness 2, hypotension 1, de- 
fective hearing 1, convulsive syncope 1, and ankylosis of the elbow 1. 
However, we repeat that one-half of the rejections, or 4.22 per cent, 
was due to hA-pertension, heart damage, or both. This is practically one 
man out of every twenty-five. 

The arbitrary upper limits for blood pressure for acceptance as a 
new employee are 150 mm. systolic and 100 diastolic. Evidence of 
organic heart disease is sufScient to reject the applicant. 

It is interesting to note that only one case of hypertension in associa- 
tion with lues was seen, one ease of hypertension and diabetes, and, 
strangely enough, one ease of hyjDertension and pulmonarj' tuberculosis. 

As mentioned before. 679 service reexaminations have been made. 

' / 

Of course, some men have had .several examinations, so that there have 
not been 679 different individuals. However, we have a list of 74 
employees who are now coming in for reexamination at intervals of 
one year or less. Practically aU of these are on the frequent reexamina- 
tion list because of hypertension, heart disease, or both. 

In the past sixteen months there have been four deaths among em- 
ployees who were being regulai'ly reexamined. Of these only one was 
unexpected. This was a machinist sixty-six years old who had been in 
an automobile accident only six and one-half months previous to his 
death. He was not badly injured but was not passed for work for a 
period of two months because of some slight evidence of heart weak- 
ness. He had a slight hypertension and evidence of arteriosclerosis. 
He dropped dead in a bank. I have wondered whether accidents, in 
these older people, in which the injuries are apparently not serious, may 
not be much more important than we are inclined to think, especially 
in the upsetting of the circulatory balance. The other three deaths were 
all due to coronai-y thrombo.sis, two as.sociated with marked and one 
with moderate hypertension. The two men with marked h^q^ertension 
were forty-three and fifty-one years old, respectively. The man vuth 
moderate hypeifension was sixty-three yeai’s of age. This sixty-three- 
year-old SAvitch tender had advanced sclerosis. An interesting point 
was that in the regular reexamination made less than three months 
prior to his death he complained of pain in the right wrist and hand 
in the ulnar nerve distribution area. Two days before death he com- 
plained rather bitterly about the neuritis in his left elbow and shoulder. 
He li\ed onb nine hour.s after the onset of his acute coronary s^Tuptoms. 
The fifty-one-year-old engineeer died suddenly just after getting 
dressed in the early morning in preparation to drive out the fast mail. 
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The number of engineers who have died at the throttle is relatively verj’" 
small. Dr. D. B. Moss, the ehief medical officer of the Burlington Rail- 
road, has told me that he knows of onlj^ one. The forty-three-year-old 
fireman died on duty about one hour after acute sjunptoms appeared. 
He was luetic, had been reexamined frequently, and the progressive 
aoi'tic lesion had been watched with the expectation that sudden death 
might arrive at any time. 

Of the 74 whom we are Avatching closelj^ and examining at more or 
less frequent intervals, there are six with proved sjqihilis. These men are 
watched A'ery closely, as we feel that Dr. Carey P. Coombs is right when 
he states that aortitis is the incAutable lot of the sjqihilitic Avho is in- 
adequately treated in the early stages of the infection. Practically all 
of the luetic ])atients that 1 see at present have been inadequately* 
treated. Incidentally I feel also that Sti*oud of Philadelphia is right in 
prophesying that Ave should be prepared for an increase in the incidence 
of syphilitic aortitis in the next ten to tAventy years as an aftermath of 
the Avar. Aortitis seems to resemble tabes and paralysis in the period 
of the disease in Avhich its appearance occurs; i. e., about tAventy to 
tAventy-five years after the primai-y infection. 

Of the six luetic employees Ave are Avatching, five are engineers and 
one is a SAAUtelmiau. The SAvitchmau has some perforations of liis palate 
and his uvula is missing, but so far his circulation has been good, Avith 
a blood pressure of 144/98 and no sign of heart or aortic damage. Only 
one of the engineers is in difficulty. He has beginning tabes and one of 
the most labile tyjies of blood pressure I have ever seen. It has been 
recorded at varying levels from 114/90 up to 220/130. At present 
it has rather stabilized itself at about 190/120. 

Blood pressure readings are considered important in this group, as 
any evidence of persistent drop in the diastolic pressure after other signs 
of aoi’tic hwolvement have been found must mean aortic A’alve insuffi- 
ciency. If the aortic valves become incompetent, then there must be 
considerable involvement of the mouths of the coronary arteries, with 
consequent narroAving, and sooner or later thereafter there is noted a 
lessening of the pulse pressure AA’hich indicates ventricular AA'^eakness — 
the next stage in the doAviiAvard gTade. 

The remaining 68 are all seen because of heart damage, high blood 
pressure, or both, Avith the exception of one aaRo is seen because of a 
fairly persistent hypotension of about 100 systolic. Of these 67 only 
three are seen because of the heart alone (all three being rheumatic 
hearts), 25 are seen only on acount of hypertension, and the remaining 
39 haA’^e CAddence of heart damage and hypertension. 

Most of the hypertension cases are of moderate gvade, ranging from 
160 systolic in the younger men, or 170 in the older men, up to 190. 
A A^ery fcAv — only three, I believe — are or have been aboA’-e 190 systolic. 
One fireman' was found to have a pressure of 210/124 at forty years of 
age. After some infected teeth were removed, the pressure dropped 
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to 180/114, and after tonsils were removed it was 164/114. The rela- 
tively slight decrease in the diastolic pressure is noteworthy. 

It has been observed that, among the younger men, many whose blood 
pressure had been slightly increased showed a return to normal after 
the removal of abscessed teeth. It is felt that- the suggestions which may 
be made at the time of the regular service reexaminations may be of 
importance to the emplo^-ees. 

IVe have been accustomed to change a man from the biannual to the 
annual examination if his blood pressure has increased 20 points or more 
since the last examination, or if the systolic blood pressure is 155 or 
above or if the diastolic blood pressure is 100 or above. He is also, ad- 
vised concerning the eradication of foci of infection, and W'e find that 
infected teeth in these emplo.yees are A'eiy common and also rather dif- 
ficult to have removed. Our campaign against abscessed teeth is bearing 
some fruit, however, and we feel that the educational feature of the 
measure is sinking in. 

The progressive features of circulatoiy degeneration in some of the 
cases have been particularly engrossing. The progressive steps in this 
degenerative process might be listed in a general way as follows: 1, 
gradual increase of hj^pertension ; 2, appearance of an accentuated aortic 
second sound ; 3, appearance of systolic aortic murmur sometimes closely 
followed by systolic murmur at apex; 4, gradual diminution of the di- 
astolic blood pressure, with appearance of a to-and-fro aortic mui’mur 
or sometimes of ventricular weakness without appearance of aortic in- 
sufficiency ; 5, in many cases circulatory accidents, either of the. cerebral 
or coronary type. 

Several men have been retired because of disabilities which have been 
considered to be too dangerous to the lives either of themselves or of 
those entrusted to them. Among these are an engineer, retired because 
of coronary thrombosis, although it was very difficult to keep him in 
bed even for ten days after his heart accident. He is up and around but 
has some dyspnea on moderate exertion. Another is a dispatcher who 
was retired after an acute attack of uremia with convulsions. It was 
felt that we should not further entrust the direction of the movement 
of trains to him. One switchman was retired of necessity after a hemi- 
plegia. One engineer was retired because of slight hypertension and 
sclerosis with paresthesias of one arm and leg. One year later he suf- 
fered a hemiplegia and died in a very short time. A conductor was re- 
tired because of hypertension and evident heart damage with sclerotic 
aortitis. 

It is to be hoped that all of our private patients may some day see 
the visdom of regular physical examinations, for I believe that the 
early symptoms of many disturbances may be detected, and the process 
checked, if their ifiiysieians are only given a chance to see them at regu- 
lar intervals. 



A CASE OP TUBERCULOUS PERICARDITIS WITH EFFUSION 
TREATED BY MEANS OP PNEUMOPERICARDIUM^' 

Gii.es W. Thomas, M.D. 

Boston, Mass. 

T he injection of air into the pericardium as a therapeutic procedure 
in pericarditis with effusion was first reported by Wenckebach in 
1910.1 In his patient, who had pulmonary tuberculosis as well as a large 
pericardial effusion, repeated taps without the injection of air failed to 
prevent the rapid reaecumulation of the fluid, but following the injec- 
tion of air in amount equal to about half that of the fluid removed, the 
reaccumulation was much slower and the general condition of the pa- 
tient improved. Wenckebach followed his case for a year and a half 
and in that time did nine taps followed by air injections. At the end 
of this time the patient was greatly improved. 

Following this successful case, which was also reported by Ceselschap 
in 1910,- Alexander in 1911,® Hansen,! and Bmile-Weil and Loiseleur,®’ “ 
in 1916, Meyer’’ m 1918, Martinet® in 1921, Castex”- and Troisier, Jac- 
quelin and Gayet^^ in 1923, Oppenheimer’- in 1924, Rigler,^® Rawls, 
and Lian and Corneau’® in 1925, Yacoel and Giroux,’® and Castex, 
Carelli and Gonzalez” in 1926 each reported one case of probable or 
proved tuberculous pericarditis with effusion treated by tapping fol- 
lowed by injection of air, oxj^gen or nitrogen. Zuccola” reported three 
eases in 1925, one of rheumatic and two of tuberculous origin. 

Without exception all the authors felt that the procedure gave s^unp- 
tomatic relief and slowed up the reaecumulation of the fluid. Of the 
sixteen patients with tuberculous pei’icarditis treated b 3 ^ pneumoiDeri- 
cardium nine died while under observation, but of these in one onlj''’'’ 
did death seem related to the procedure. This patient died eight hours 
after the first air injection. Most of the others died of tuberculosis 
elsewhere in the bodjq usuallj^ pulmonarj", after the pericardial sjnnp- 
toms had been largely or partiallj^ relieved. The seven patients who 
did not die under observatioir were not followed long enough to permit 
the drawing of definite conclusions, but several of them recovered suffi- 
cientl}'' to resume partial activity. 

The chief therapeutic advantage of the procedure has been thought 
to be the prevention of the rapid reaecumulation of fluid following tap- 
ping. In addition, it lessens the resistance the heart has to work against 
bj- substituting an easily compressed gas for a noncompressible liquid. 
Several authors have felt that it is possible to prevent the formation of 
adhesions bj^ keeping the pericardium distended with air. A sj^stematic 
effort to do so was made bj^ Zueeola.’® In two cases of tuberculous peri- 

*From the Medical Services of the Massachusetts General Hospital. 
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carditis lie injected air several times after tlie fluid Iiad disappeared, 
raising tlie pericardial pressure in the last taiis from 5 to 12 and from 
10 to 16 cm. of ivater, respectively. AYhen these patients came to 
autopsy, several months after the last tap in each case, there were a few 
pericardial adhesions, especially about the apex of the heart. Zuccola 
emphasized the importance of injecting enough gas to keep the surfaces 
apart. It seems unlilcely that the formation of adhesions could be pre- 
vented completely, for to do so the amount of air injected would have 
to be so ffi’eat, in order to overcome the contraction of the sear tissue, 
that the pressure it would exert on the heart would be more than the 
latter could tolerate without failure. Possibly if a systematic attempt 
had been made to keep the pressure up in the case here reported, the 
adliesions would have been much less dense and the operation correspond- 
ingly easier and more successful. 

CASE REPORT 

A Portuguese boy of eighteen years eanie to the emergency Tvard of the Massa- 
chusetts General Hospital on August 26, 1930, complaining of attacks of Toniiting 
for eight months and extreme shortness of breath for a few day's. Pjuuily and past 
histories were irrelevant. There was no family history of tuberculosis. 

The patient had always been very healthy and vigorous until shortly after a 
boxing bout eight months previously, when he developed mild epigastric and right 
upper quadrant, gnawing pain and tenderness associated with vomiting, which oc- 
curred a few minutes after meals. About the same time he developed a dull pain 
in the lower right chest which was most noticeable on leaning forw.ard. He became 
rather short of breath and after two weeks or so of these symptoms he went to 
St. Luke’s Hospital in Kew Bedford on December 2S, 1929. A letter from this 
hospital states, ‘ ‘ Physical examination of the heart at time of his admission showed 
the following: Eight border 10 cm. to right of sternum by percussion, left border 
in axillary line. All this area is dull to percussion. Heart sounds are weak and 
quick. Bate 96. X-ray revealed (December 2S, 1929) no evidence of fluid in chest. 
Heart shadow appears to be large, could be pericardial effusion. On January 1, 
1930, heart shadow apparently smaller. Increased density in right chest from fourth 
rib in front to base. Diagnosis, pericarditis, acute, serofibrinous.” Xo tap was 
done, nor was any specific treatment given other than general medical care. He 
improved and was discharged from St. Luke’s Hospital on January 15, 1930. 

Following discharge he continued to improve, had no more pain or vomiting and 
very gradualh' regained strength. The next two or three months he spent most 
of the time in bed, but as the spring advanced he gradually improved so that by 
June he was up aU the time and did a little easy work such as raking lawns. He 
was, however, very short of breath, and whereas before his illness he had been able 
to s^vim several hundred yards without difficulty, he was now unable to swim more 
than ten strokes. 

Two and one-half weeks before entry to this hospital the epigastric and right up- 
per quadrant pain returned, accompanied by vomiting as before. A few days later 
there was swelling of the abdomen and some palpitation of the heart when lying 
down. For .about two months he had had a cough -with a small amount of sputmn. 
lie thought he had gained about twenty pounds during the illness. 

The history -was somewhat unreliable due to the limited intelligence of the patient. 

Physical examination at entry showed a well-developed and nourished negro. 
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siltiHg lip in bed, fnlcing rapid, slinllow brentbs. The veins in the neck vere 
soincwliat distended. Cardiac dullne.ss extended to tbc axilla on the left and nearly 
to tbo axilla on tbc right. Tbc apex ini])Hlse was not felt. Tbe supracardiac dull- 
ness was O.o cm. Tbe beart sounds were faint but, j)erceptible at tbc apex and 
fairly distinct at tbe base. 'J’berc. were no niuniiurs or rub. Tbe pulse was 80 and 
definitely paradoxical. 'I’lie blof)d pressure was 320/!):') nun. Tbo lungs were clear 
altbougb the diaphragm w.as high on both sides. There wjis no Ewart^s sign. The 
abdomen was tense and somewhat distended; there was :i fluid w.ave and shifting 
dullness. Tbc np])er border of tbe liver was obscured by tbo cardiac dullness, but 
the edge was felt -1 cm. below tbc costal margin on tbe right and extended across 
tbe epigastrium. There was no edem.a of the genitals or extremities. 



FIk. 1. — August 20, mao. .Slu)W.s the enormous size of tlie pericardial shadow 

on entry. 

Laboratory findings on admission were a red blood cell count of 4,300,000, hemo- 
globin So per cent (Tablquist), white blood cell count n,oo0, and blood smear not 
remarkable. Tbc urine was negative. 

The day after entry x-r;iy picture of tbc chest showed an enormous heart shadow 
extending :ilmost to tbc axillary line on both ’sides. The cardiac pulsation could 
not be made out by tbe fluoroscojic. The right eostophrcnic angle was obliterated. 
The appearance suggested a ]iericardial effusion with a small amount of fluid in 
the right pleural cavity. A chest jilate taken when the patient was on his back 
.showed only a slight increase in the width of the supracardiac shadow. 

The consulting cardiologist, Dr. Paul D. White, thought that pericardial effusion, 
probably due to tuberculosis, was the most likely diagnosis and ad^•iscd tapping. 

On August 28, 1930, t:ips were done in the fifth left interspace and the fourth 
right, interspace; both yielded what was thought to be blood, but the fluid was 
not examined at the time, and this neglect caused us to abandon the diagnosis of 
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pericnrdi.nl efCusioii. The s.nnic day lie became much ivorse; he was verj' orthopneic, 
had more cough ■u'ith some frothy Avhite sputum (repeated examination, of the sputnm 
was always negative for tubercle bacilli) ; he was put on the danger list. He re- 
quired considerable morphine to control the dyspnea. The abdominal discomfort 
and vomiting became much worse. Venesection of 200 c.c. on August 29 gave 
slight relief. Digitalization was started and was complete by September 1 , with 
resulting decrease in the orthopnea. 

For the next two and one-half weeks he ran an up-and-doum course, fairly 
comfortable at times and at others extremely orthopneic wdth much pain, nausea 
and vomiting. Abdominal paracentesis on September 9 yielded only 5 c.c. of yel- 
low fluid which clotted before it could be examined. Culture of this was negative. 



Fig-. 2. — October 5, 1S30. This plate was taken with the patient lying on his 
right side immediately after the first air injection. The air rose to the highest part 
of the pericardial cavity and moved freely from one part to another as was shown 
by plates in different positions. 

and <a guinea pig injected with it showed no tuberculosis at autopsy six rveeks later. 
He received salyrgan intravenously every three to four days which caused moderate 
diuresis. Prior to this treatment he had gained 6 pound since admission (154 to 
160) ; after it he lost 14 pounds. 

On September 17, 1930, another pericardial tap was done and 120 c.c. of bloodj" 
fluid removed which had red and -white blood cell counts about one-third that of 
blood taken at approximately the same time. The following day 450 c.c. more -were 
removed. After this he had no orthopnea and was subjectively much improved. On 
September 20 and 26, 270 and 600 c.c. of fluid respective!}' were removed from the 
pericardium causing little noticeable clinical change in spite of marked subjective 
relief. For a time after this he refused to stay in bed, but soon pain in the lower 
right axilla developed (without physical signs), and he returned to bed of his own 
accord. 

After considerable discussion it Vas decided that air be injected into the peri- 
cardium the next time fluid was withdrawal. On October 5, 375 c.c. of fluid were re- 
moved by the sub-xyphoid route and 200 c.c. of oxygen injected. He stood the 
procedure well. As each 50 c.c. of fluid was -u’ithdrawn the blood pressure rose 
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about 0 to 10 points, and when a similar amount of oxygen was injected, it fell about 
tlie same amount. The pressure of the fluid in the pericardium was measured by 
a manometer connected to the, injecting needle; this varied from 8 to 20 cm. of 
pericardial fluid, the high points occurring when the patient strained. Pulse and 
respiratory oscillations Avere A’isible, the respiratory oscillations being only 1 to 2 cm. 
and the pulse barely visible. (The manometer Avas connected Avith the needle by 
approximately tAvo feet of tubing Avhich probably had a definitely dampening effect 
on the oscillations.) 

X-ray pictures taken after the tap shoA\-ed gas in the pericardium, and plates 
taken Avith the patient in different positions shoAved that the caA’ity AA'as apparently 
continiions and the pericardium not especially thick. No succussion splash or “bruit 



Pig'. 3. — October 10, 1030. Taken after the tbircl injection of air, sIioavs the 
pericardium distended A\dtli air, and the heart not definitely enlarged. There is fluid 
in the right pleural cavity. 

do moulin” Avas audible after this tap, .although resonance could be demonstrated 
by percussion. 

Digitalis Avas omitted .at this time because the patient refused to take it. 

Since this first injection of gas resulted in no apparent ill effect, 740 c.c. more 
of fluid Avere removed and reiflaced by 590 c.c. of air on October 8, and 740 c.c. of 
fluid by 560 c.c. of air on October 10. During these taps A’enous pressure readings 
Avere t.aken which shoAved a definite fall AA’hen fluid Avas removed and a rise when air 
AA'as injected. The venous pressure A\ms alAA'ays from 2 to 4 cm. of AA'.ater greater 
than the pericardial pressure. Following the October 8th injection a succussion 
splash Avas heard, and the cardiac dullness AAaas replaced by tympany. On October 11 
he had marked respiratory distress, cough and abdominal pain AAdiich was not re- 
lieved by morphine, so 175 c.c. of air Avere removed. This came out under some 
pressure (not measured) and Av.as folloAved by definite subjective relief. Several 
days later he developed pitting edema of the ankles which lasted for a short time, 
but he seemed to be much more comfortable and improA’ed steadily. The liver edge. 
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which at first liad moved lower until it reached the iliac crest, now began to recede 
and became much less tender. X-ray pictures taken two weeks after the last tap 
showed that approximately two-thirds of the air was still present. On October 29 
a liver function test (tetra-bromsulphonephthalein) showed no retention of the dye, 
while on August 26 and September 15 there had been 15 per cent retention. On 
November 2 he developed a pericardial friction rub. 

He continued to improve, but as the x-ray picture showed that considerable fluid 
was still present, another tap was done on November 12. Only 25 c.e. of fluid were 
obtained, and, although there was undoubted!}' more fluid there, further attempts 
to -withdraw it -n-ere not made because the patient became very uncomfortable and 
upset. Following this tap he had a chill and fever amounting to 103.5° F., but the 
next day he again felt better. 

An x-ray picture of the chest on November 22 showed that the air had been 
entirely absorbed but that fluid was still present or had reaccumulated, so he was 
tapped again the next day, this time in the fifth intercostal space on the right, and 
320 c.e. of fluid removed and 250 e.c. of air injected. This tap also was followed 
by a chill and fever. 

From November 21 to December 6 he was given 0.2 gm. of sodium cacodylate 
three times daily in the hope that it might hasten the absoi-ption of the fluid. 

Following this last tap he continued to improve until he was discharged on 
February 7, 1931. Taps were attempted on December 20 and 24, 1930, both failing 
to yield fluid. His temperature, which had been swinging from 99° to 101° F. by 
mouth the first three months he was in the hospital, was rarely over 100° F. by 
rectum in December. From the last of December until discharge the temperature 
was taken by mouth and showed, until the middle of January, an afternoon rise to 
99°, after which it was usually 98.6° or less. 

During the patient’s stay in the hospital nine sputum tests were negative for 
tubercle bacilli, the von Pirquet test -was negative, and dilute intradermal tuberculin 
tests were negative. Three guinea pigs injected with pericardial fluid, one with 
abdominal fluid, and one with sputum, rvere negative for tuberculosis at autopsy. 

The week before discharge a final x-ray picture showed that the heart was slightly 
enlarged and that there perhaps was a small amount of air along the left border of 
the heart; fluid was not demonstrable, although there was a rounded area of dull- 
ness along the right border of the lieart. The pericardium appeared about one- 
quarter of an inch thick; it was quite thin in pictures taken earlier in the course of 
the disease. 

The patient was readmitted to the hospital on March 23, 1931, six weeks after 
discharge. In the interval he had grown stronger, gained three pounds, and was 
a little less short of breath. He had had almost continuous, right upper quadrant 
pain and soreness with three attacks of rather acute right upper quadrant pain 
radiating to the left shoulder and left side of the neck. 

Pliysical examination showed very little change from his condition at time of 
discharge, although he appeared definitely stronger. The heart sounds were rather 
muflled but of fair quality. Blood pressure was 110/75 mm. The veins of the neck 
were distended. The pulse was paradoxical. The lungs showed a small amount of 
fluid at the right base. The .abdomen was somewhat distended; dullness in the 
flanks and a fluid wave were present. The liver edge was palpable 6 to 8 cm. below 
the costal margin and was rather tender. There was no edema of the genitals or 
extremities. 

X-ray pictures showed that the cardiac shadow had decreased somewhat in size. 
Stereoscopic films showed that the rounded area of dullness at the right side of the 
heart, about 3 cm. in diameter, was a small interlobar collection of fluid, not con- 
nected with the pericardium. 
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During: a two weeks’ period of observation liis temperature was normal, pulse 
about SO, urine negative except for an occasional, very slight trace of albumin, 
and white blood cell count slightly elevated, 10,000 to 12,000. In view of the per- 
sistent engorgement of the liver and ascites it seemed probable that he had an ad- 
lierent pericardium which was interfering witli the action of the heart, and since 
there seemed to be nothing to gain by further rest and general care, cardiolysis was 
decided upon. This was done on April 16, 1031, by Dr. Wyman Whittemore. Sec- 
tions of the third to seventh costal cartilages on the left were removed. The peri- 
cardium, one-third to one-quarter of an inch thick, was adherent to the heart, 
although a definite line of cleavage was present. The pericardium was gently peeled 
off the heart and large flaps cut away, first on the left side, then on the right. 
Posteriorly, jiarticularly near the apex, the pericardium was more adherent and 
could not be removed. When the anterior portion of the thickened pericardium was 



PifT. 1. — Aju-il 3, 1931. Taken two weok.s before cardiolysis. Tiie dullness at the 
right border of the heart was sliown .stereoscopically to be probably a small interlobar 
collection of fluid. 

removed, the heart bulged into the opening thus formed; it seemed evident that its 
activity was much less hampered. 

Pathological examination of tlie pieces of iiericardium removed showed in one 
area a focal collection of cpitheloid cells and lymphocytes, the appearance of which 
was .sufficiently typical to justify a diagnosis of tuberculosis in the healing stage. 

After the operation, which caused relatively slight shock, first serum drained 
from the incision, later pus from two sinuses in the scar. The patient ran an after- 
noon temperature of 100° to 101° by rectum until the middle of June. His pulse, 
still paradoxical, at first was 100 to 120, and later fell to 90 to 100. The white blood 
cell count varied from 11,000 to 15,000. The blood pressure remained low, 85-90/70. 
Digitalization had no definite effect on either the pulse or the urinary output, 
although -ndth salyrgan a fair diuresis was obtained several times without causing 
any perceptible difference in the amount of fluid in the abdomen and chest. 
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His general condition and strength, however, gradually improved so that on June 
2G he was discharged to Lakeville Sanatarium for general care. At the time of 
his discharge his condition was not so good as before operation; apparently the 
quiescent tuberculous process had become active again. It seemed likelj’ that ad- 
hesions in tiie region of the riglit auricle and inferior vena cava were responsible 
for the continued ascites and other signs of venous obstruction, but further operative 
procedures in the presence of probably active tuberculosis seemed contraindicated. 

A report from the- Lakeville Sanatarium on October 30, 1931, states that the 
patient’s general condition is good. At time .-of admission to that institution , he 
was dysiuieic and had considerable precordial pain. He was kept in bed and given 
one and one-half grains of digitalis daily Avith resulting disappearance of the dyspnea 
and precordial pain. He still had right upper quadrant pain. 

Physical examination at the time of this report revealed regular heart sounds of 
good quality, rate 70 to 80. The liver edge Avas still palpable four to tiA^e finger- 
breadths below the costal margin, but there Avas no abdominal tenderness. There 
Avas still slight drainage from the sinus in the operative scar. His temperature 
had remained normal and the white -blood count had been 8,000. 

X-ray picture of the chest shoAved no essential change from that taken just prior 
to operation. 

He had gradually increased his acth-ities and was up and about for short periods 
daily. 

SUMMARY 

A brief review of the literature on therapeutic pneumopericardium 
is presented. A ease of tuberculous pericarditis with effusion treated 
first by pneumopericardium then by cardiolysis is reported. From the 
present ease and the few eases now in the literature it is impossible ac- 
curately to estimate the therapeutic value of artificial pneumoperi- 
cardium. It did not cure this patient nor even prevent the necessity for 
operation later. This may have been because the treatment was not 
continued for a sufficiently long period. If one wishes to prevent the 
foi’mation of pericardial adhesions in pericarditis, it would seem, on 
theoretical grounds, preferable to keep the parietal and visceral peri- 
cardium apart by means of elastic gas rather than by inelastic fluid. 
The method of artificial pneumopericardium therefore would seem to 
deseiwe more extensive trial than it has yet been accorded. 
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ANEURYSiM OF THE AORTA PRODUCING PULMONARY STE- 
NOSIS AND BLTs^DLE-BRANCH BLOCK^^ 

J. Hamilton Crawford, M.D., and J. Arnold deVeer, M.D. 

Brooklyn, N. Y. 

I T IS uncommon for an aneurysm of the aorta to encroach npon the 
pulmonary artery, conus arteriosus, or right auricle, or to invade 
the interventricular septum. In some instances such aneurysms are of 
congenital origin being due to defective development of the bulbar 
septum and are, in consequence, often accompanied by interventricular 
septal defects. These aneurysms are usually small. They arise from a 
sinus of Valsalva and project into the conus of the right ventricle where, 
as a rule, they finally rupture. Abbott,^ in reporting a case of this 
nature, reviewed the literature and discussed the developmental defects 
which cause the condition. 

Acquired aneurysms of this group are relatively more frequent and 
usually follow luetic aortic disease. Their common site of origin is 
higher than that of the congenital tjqie and they more commonly project 
into the pulmonary artery than into the right ventricle. Scott,^ in 1924, 
described two cases in which rupture into the pulmonary artery had 
occurred and reviewed the literature of the acquired type up to that 
date. Since then a few additional cases have been reported. Gunn® 
described an aortic aneurysm which appeared to have produced com- 
pression of the iiulmonary arteiy into which it finally ruptured. 
Rothschild, Sacks, and Libman,^ in a discussion of the disturbances of 
cardiac mechanism in subacute bacterial endocarditis and rheumatic 
fever, mention brieflj^ one case in which a mycotic aneurysm of a sinus of 
Valsalva projected into the interventricular septum and caused partial 
bundle-branch block. They state that serial sections demonstrated that 
the aneurysm had partially intercepted the path of the left branch of 
the bundle of His. Buffalini® reported a case in which two aneurysms 
arose from the first part of the aorta and encircled the pulmonary 
artery, thus causing stenosis. This case was presented in greater detail 
by^ Costa® who also described another in which an aneurysm had per- 
forated into the pulmonary artery. Laederich and Poumeau-Delille" 
reported an aneurysm which projected into the right auricle where it 
finally ruptured. The case of Stejfa® in which an aneurysm the size of 
a walnut caused compression of the pulmonary artery and also, he be- 
lieved, block of the “left branch of Tawara’s node” Avill be discussed in 
gi-eater detail later. Schwab and Sanders® reported a case of acquired 
aneui’A sm uhich had ruptured into the light ventricle and thej’’ were able 

I>ei)!irtnient.s of IMedicine and Pathology of Long Island College of Medi- 
cnio» liiooKIyn, Now lork. 
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to find only two ]3rcvious cases of this nature in which such an occur- 
rence had taken place. The following ease is presented because of the 
unusual growth direction taken by the aneurysm and because of inter- 
esting pathological changes' which it appeared to have caused. 

CASE REPORT 

llisiory. — R. L., an intolligcnt colored man, aged thirty-six years, a motor 
mechanic by occupation, came to the Cardiac Clinic of the Long Island College 
Hospital on Juno o, 1029. He complained of dyspnea, palpitation, weakness, 
abdominal swelling and constipation. Five years previously, he commenced to suf- 
fer from dyspnea on e.xertion, marked palpitation and weakness, and he received 
medical treatment which relieved him to some degree. During the last six months 
all of these symptoms had become progressively worse and the jjatient noticed 
that his abdomen had been considerably distended. Dixr.incss had been gradually 
increasing during the past five months and ho had fainted on one occasion. On ad- 
mission to the Clinic he could walk only a short distance Avithout marked discomfort. 
Both dyspnea and palpitation were extremely marked on any exertion but procordial 
pain was absent. 

Previous Illnesses . — At tlio ago of sixteen the patient sufCered from gonorrhea 
and syphilis Avith secondary manifestations. He received a series of mercurial in- 
jections in a hospital in Philadelphia but on leaving the hospital he discontinued 
treatment. 

Family Risiory . — Nothing of note except that his Avife had never been pregnant. 

Physical Examination. — Tlic patient A\’as a avcII built colored man Aveighing 195 
pounds. Even slight exertion caused considerable dyspnea. Slight cj’anosis of the 
lips Avas present but there Avas no edema. The pujiils Avere equal and reacted to 
light. Marked pulsation of the A-essels of the neck Avas seen, the arterial puls.ation 
being much more marked than the A’cnous. The radial pulse rate Avas 72 beats per 
minute Avith some irregularity due to e.xtrasystoles. Both pulses Avore equal and 
these Avas evidence of sclerosis of the peripheral vessels. The blood pressure Avas 
130/G5 mm. A suggestion of a capillary pulse Avas ])resent but no peripheral signs 
of aneurysm Averc elicited. 

Jleart. — There Avas a heaving ditTuse pulsation all over the precordium and the 
apex boat Avas felt in the Gth interspace 15 cm. from the midstcrnal line. No 
thrill Avas present over any area. The heart Avas markedly enlarged both to the 
left .and to the right and on the left side there Avas a slight prominence in the 
region of the pulmonary conus and left auricle. The aortic arch did not appear 
Avidenod. On auscultation there Avas noted a A'ery loud, rasping systolic murmur, 
which Avas maximal in the second left interspace but could be heard over the AA'hole 
precordium and .also in the vessels in the neck. A diastolic murmur, of Avhich the 
point of greatest intensity Avas in the second and third interspaces, Avas heard to the 
left of the sternum and Avas transmitted faintly over the rest of the precordial 
area. The second sound Avas almost inaudible OA'er the entire i»recordium. An oc- 
casional rale Avas heard at the bases of the lungs. The liver Avas slightly enlarged. 
The nervous system shoAved no abnormalitj'. 

Electrocardiogram . — The auriculo-A’entricular conduction time Avas slightlj' pro- 
longed (0.22-0.24 sec.). A marked degree of partial right bundle-branch block 
(ncAV terminology) Avas shoAvn as the QRS complex Avas 0.15 see., the main initial 
deflection aa'Os negative in Lead I and posith'c in Lead III Avith T opposite to the 
main deflection in each lead (Fig. 1). An irregularity, due to extrasystoles AAdiieh 
appeared to .arise in the upper septal region of the A-entricle, Avas .also found. 
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X-Bay and Fluoroscopy . — The heart was tremendously enlarged both to the right 
and to the left. (Cardiac Index 0.8.) The right side was of a globular shape and 
the left side was unusually straight with a slight prominence in the region of the 
pulmonary conus and left auricular appendix. The aortic arch was not widened and 
no evidence of aneurysm was seen. (rig. 2.) On fluoroscopy no aneurysm was ap- 



1- — Electrocardiogram taken on July 2, 1029, indicating a high grade of bundle- 

In-anch block. 


parent and the posterior mediastinal space did not appear to be encroached upon 
more than is usual with hearts of this size. 

Laboratory Examinations . — The AVassermann test, although frequently repeated, 
was positive on only one occasion when it was +2. Other laboratory findings were 
normal. 

Tlie opinion was expressed that the patient was suffering from tertiary syphilis 
and aortic insufliciency with gummatous lesions producing the bundle-branch block. 
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As this did not appear to cover all of the findings, it vas considered possible that 
congenital pulmonary stenosis was also present. 

Treatment . — Complete rest in bed at home was ordered and mercury and potassium 
iodide Avere given by mouth. 

Progress Notes. — As the patient did not shoAV any improvement, he Avas admitted 
to the Long Island College Hospital on June 13, 1929. At this time the only change 
in the condition Avas that pulsus bigeminus Avas present. The site of origin of the 
extrasystoles as sIioaa’u by the electrocardiogram had changed from the septal region 
to the AA-all of the right ventricle. The same treatment Avas continued and, in addition. 



Fig. 2. — X-ray of heart (G foot plate) taken on June 3, 1929, shoAA’ing marked enlarge- 
ment of both left and right A'entricles. 

the jiatient Avas fully digitalized. The extr.asystoles soon disappeared and the pa- 
tient sloAvly improved. The patient Av^as discliarged from the hospital on July 20, 
at Avhieh time he Avas able to take mild exercise AA-ithout marked discomfort. He 
A'isited the Clinic at intervals during the next nine months but his condition became 
gradually AA'orse until he finally became bedridden. On March 22, 1930 he Avas read- 
mitted to the hospital. ISTo marked dyspnea Avas noted AA’hile at rest and the heart 
shoAved no significant change since the previous admission. Fluid Avas present in 
the right pleural cavity and the liA'cr AA'as enlarged 12 cm. beloAV the costal margin 
but there Avas no edema of the extremities. The x-ray and electrocardiographic find- 
ings at this time were the same as before. As the patient had been on a mainte- 
nance dose of digitalis, this Avas continued and potassium iodide AA-as given in large 
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closes. At first there was some improvement in tlie condition and the fluid in the 
pleural ea'vitj' disappeared. Soon, however, he began to grow worse. The liver be- 
came progressively larger while edema of the extremities and ascites appeared and 
increased despite the administration of various diuretics. He died on May 6, 1930. 

Autopsy Xo. 1340. May 6, 1930. — itarked edema of the extremities and of the 
tissues of the abdominal and thoracic walls was found at autopsy. A frothy, blood- 
tinged fluid exuded from the mouth and nose. There were otherwise no external 
abnormalities of note. 



Fig-. .3. — ^View of the left ventricle and aorta showing the orifice of the aneurysm. 
The iuetic puckering of the aorta and tlie blotchy discoloration of the septum can be 
seen. 

The pericardial sac was greatly enlarged, partly through the presence of about 
half a liter of clear, straw-colored transudate and partly because of great enlarge- 
ment of the heart. The distended sac measured 20 cm. in its greatest transverse 
diameter. Both the parietal and visceral layers of the pericardium were markedlj’ 
thickened and numerous recent adhesions were found at various points. 

The heart was enormously enlarged, its weight being 975 grams. This enlarge- 
ment was due to hypertrophy and dilatation of both ventricles and to a particularly 
marked dilatation of the right auricle. A firm rounded mass presenting on the 
.•interior aspect of the heart between the right auricle and the conus arteriosus also 
contributed to the general enlargement. 
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Ou opening the chambers of the heart and the great vessels a saccular aneurysm 
of the ascending aorta -was found. It was roughly spherical in shape, measuring 
9 cm. in average diameter and was about half filled with lamellated thrombus. The 
orifice of the aneurysm was circular, 3 cm. in diameter, and the edges were rounded 
and smooth. Its lowest point was 1 cm. above the commissures of the right and left 
cusps of the aortic valve (Fig. 3). In its growth the aneurysm had pushed for- 
ward compressing the base of the pulmonary arteiy and the conus arteriosus. It had 
also pushed domiward into the tissue of the interventricular septum and outward 
into the base of the right auricle. Superiorly it presented as a firm rounded mass 
between the pulmonary artery and the right auricular appendix. 

The aorta measured S cm. in circumference at its base, which was the widest part. 
The ascending portion showed the typical scarring and intimal hyperplasia of luetic 
mesaortitis. The sinuses of Valsalva and the coronary orifices were not particularly 
involved in the luetic process. The aortic vahe cusps were noticeably sliortened in 
their vertical dimensions, moderately thickened, and the edges somewhat rolled. The 



Fig. 4. — Diagrammatic representation of a cross section (roughly to scale) im- 
mediately above the aortic valve, show'ing compression of the pulmonary artery by 
the aneurysm. A, aorta; An, aneurysm; B, pulmonai-y artery; C, right auricle; D, 
left auricle ; E, lamellated thrombus in the aneurj’smal sac. 

right and left cusps showed a 2 mm. separation at their commissures. The valve was 
incompetent to some extent. 

The base of the pulmonary artery and the conus arteriosus had been so com- 
pressed by the aneurysm that a transverse section in the region of the pulmonary 
valve showed a crescent-shaped lumen with the opposing walls partially in contact 
with each other. At one point, immediately above the valve, there were organized 
adhesions between the opposing surfaces (Fig. 4). The right and left cusps of the 
pulmonary valve were tightly stretched over the bulging aneurysmal mass and ap- 
peared incapable of functioning. The portion of the aneury.sm which presented in 
the conus consisted of a very hard rounded shell of connective tissue over which a 
glistening layer of endocardium was stretched. No remains of heart muscle were 
grossly visible in this area. Immediately below the left cusp of the valve the 
aneurysm showed a small, softened, necrotic patch, of a dirty gray-brown color con- 
trasting sharply with the pale surrounding connective tissue. Perforation into the 
conus at this point seemed imminent (Fig. 5), 

Both right and loft ventricles were enormously hypertrophied and dilated. The 
right auricle was also markedly dilated while the left auricle was approximately nor- 
mal in size. The tricuspid valve ring measured 13.5 cm. in circumference. 
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As noted obove, the aneurysm had pi-essed down into the base of the inter- 
ventricular septum near its anterior limit and in this situation a zone of “pressure 
atrophy” with fibrosis adjoined the wall of the aneurysm. Irregular grayish patches 
of fibrosis, reddish streaks of granulation tissue, and yellow-brown areas of recent 
necrosis were scattered throughout the remainder of the septum. 

The coronary vessels were explored as far down as could be reached with due 
scissors and probes but no thrombosed vessels were found. The anterior descending 
branch of the left coronary artery was inarkedlj- constricted as it curved around the 



Fipr. — View of the right heart showing A, the aneurysm bulging into the conus; 
B, the distorted pulmonai-y valve cusps; C, the area of necrosis in the aneurysm; D, 
the fusion of opposing surfaces of the pulmonary artery. 

aneurj-sm, while beyond this area it was of normal calibre. The first portion of the 
right coronary was similarly constricted. 

The pathological changes in the rest of the bodj' may be summarized as those of 
chronic passive congestion and anasarca. Death appeared to have been due to myo- 
cardial failure. 

An attempt w.ns made, through a study of serial sections of the septum, to identify 
the bundle of Ilis and its main branches in order to determine the location of the 
block which had been electroeardiographically established. Sections were cut trans- 
versely through the entire upper portion of the septum. The wall of the aneurysm 
consisted of dense hyalinized connective tissue containing deposits of calcium salts. 
Merging with the aneurysmal wall was a zone of fibrosis in which but few remains 



CKAWKOin) AND DF.VEKR : ANEURYSAI OF THE AORTA 


787 


of heart imisole wore found, wliilo Ihc remainder of the septum showed a considerable 
amount of scar tissue, granulation tissue, and heart muscle in various stages of de- 
generation and necrosis. Occasional small granulomatous lesions, interpreted as 
being miliary gummata, and e.Ntensive small round-eoll infiltration were also found. 
Because of the extensive necrosis and fibrosis the conduction pathwiiys could not be 
identified with certainty. 

The microscopic sections of the ascending aorta .showed ty]iical mesaortitis luetica 
while .slight scarring, ni.arhed edema, cloudy swelling, and hydropic degeneration were 
seen in those from the ventricul.ar walls. 

DISCUSSION 

In -llie TO])ortod ctiso.s of tiortic iiiuMirysni projoetiiig- into the pul- 
monary artery or right ventricle, botli eonuonital and acquired, the diag- 
nosis rarely has been made before rupture. Indeed, except in the con- 
genital etises vith an ttssociated septal defect, it vas unnsnal for symp- 
toms to be present before perfortition had taken place. After this event 
there tipjieared iiathognomonie symptoms, vhich have been described 
fully both by Abbott’ and by Scott.- Only tvo cases have been found 
which closely resembled that de.seribed above, one by Rothschild and his 
coworker.s' and another by Stejfa.'’ The former was only incidentally 
reported with few details while the latter was fully discussed. Ste.ifa 
made a diagnosis of aortic anenry.sm compre.ssing the pulmonary artery 
on the basis of a rough systolic murmur heard in the second and third 
left intor.spaces with enlargement of the heart to right and left. In ad- 
dition, there were signs of aortic insnfticiency while a tracheal tug and 
paralysis of the left recnri'cnt laryngeal nciwe wore present. X-ray ex- 
amination showed only a dilated aorta and cardiac enlargement. He be- 
lieved that these signs could be explained only by the presence of an 
aneurysm conpu-essing the pulmonary artery. From his electrocardio- 
graphic studies he concluded that there was also a block of the “left 
branch of Tawara’s node.” One electrocardiogram was illustrated with 
the interpretation of which we disagree. It docs not appear to ns to ful- 
fill the criteria necessary for a diagno.sis of bundle-branch block but 
rather indicates mai-kcd right axis deviation which could be explained 
easily by pulmonary stenosis with right ventiMcnlar hypertrophy. At 
autopsy an aneurysm the size of a walnut was found. It projected into 
the pulmonary artery causing high degree stenosis but in view of its size 
it appeared to be situated too high up to have damaged the septum. The 
aorta, shoived signs of lues and Avas dilated while the aortic valve Avas 
incompetent. The description of the studies of the bundle appear too 
Amgue to permit definite conclu.sion.s. 

The ease Avhieh avc are reporting aatts studied thoroughly both clinically 
and by x-ray but aortic aneurysm aa^s not suspected, as there Avas no 
evidence on Avhich such a diagno.sis could be supported. As there Avas no 
rupture the characteristic physical signs of communication betAveen the 
aorta and the pulmonarj’- artery or right A'entricle Avere lacking. The 
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rough systolic inurnixir heard best in the second left interspace and the 
marked globular shape of the right heart on x-ray lead us to suspect that 
a lesion of the aortic valve did not cover the complete diagnosis and 
congenital pulmonary stenosis vas considered an additional possibility. 
At autopsy, stenosis of the ijulmonarj’’ artery and conus, due to compres- 
sion by the aneurysm, xvas found and incompetence of the pulmonary 
valve had been produced. It seems probable, in view of the relatively 
slight change in the aortic valve and the paueity of peripheral signs of 
aortic insufficiency that the dia.stolic murmur was really due to pul- 
monary incompetence. 

The electrocardiographic findings were of considerable interest in 
that the tracings showed partial bundle-branch block in which the chief 
initial deflection was downward in Lead I and upward in Lead III. For 
many years, based on the experimental work of Lewis and his associ- 
ates,’®- “ this was considered to represent a lesion of the left division of 
the bundle of His. Falir,’- on theoretical grounds, called in question 
this interpretation and believed that the curves ascribed to right bundle- 
branch block by Lewis were really curves of left bundle-branch block 
and xdee versa. Barker, Maeleod, and Alexander,"® as a result of their 
study of extrasj^stoles in the exposed human heart, brought foj’ward evi- 
dence which strongly supported the latter view and, more recently, other 
workers, both on theoretical^’ and experimental®’ grounds, have 
come to the same conclusion. The present case cannot furnish conclu- 
sive evidence on this point as extensive necrosis of the septum was found 
and the divisions of the bundle could not be traced by serial sections. 
However, the facts that the aneurysm projected into the right ventricle 
and that the damage to the septum Avas greater on the idght side make 
it probable that the right, ratlier than the left diAusion of the bundle Avas 
damaged, thus tending to support the neAA’er conception. Also, assuming 
that the bundle of His pursued its normal path, the point of penetration 
of the septum and subsequent course of the left diAusion would be beloAv 
and posterior to tlie aneurysm, Avhile the region traA'^ersed by the right 
dmsion in its course to the papillary mAisele Avould be invaded by the 
loAA’er pole of the aneurysmal sac. 

ScAmral eausath’e factors appeared to be concerned in the extensive 
damage to the septum. The aneurysm, pushing dowuAvard into the 
base of the septum, caused considerable atrophy and fibrosis in the sub- 
jacent tissue. There Avere also a number of small gummata and exten- 
sive areas of recent necrosis. Although the main branches of the coro- 
nary vessels shoAved no evidence of thrombosis, they AA’ere markedly com- 
pressed AA’here they skirted the aneurysm. Some of the degenerative 
myocardial changes might be ascribed to tins compression Avith resulting 
restriction of the blood supply. This must at least have played an im- 
portant part in the cardiac decompen-sation. 
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SUAIMARY 

A c.nse is re]ior1ed oi' a patient suffering- from luetic aortitis in whom 
an aneurysm 9 cm. in diameter, arising in the first portion of the as- 
cending aorta, had produced none of the usual clinical evidences of 
aortic aiieurysm. A high grade bundle-branch block was known to have 
been present for a period of eleven months prior to death from myo- 
cai-dial failure. The aneury.sm, Avhieh had not ruptured, caused a 
marked stenosis of the pulmonary artery and insufficiency of the pul- 
monary valve. It projected into tbe right ventricle and produced con- 
siderable damage to the interventricular septum. This appeared to be 
the most important factor in the causation of the bundle-branch block. 
Slight aortic insufficiency was also present. 

We visli to tliiiiik Dr. Alfred E. Cohn for his assist iinec in the study of the bundle 
of His. 
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BRAIN ABSCESS (PARADOXICAL) IN CONGENITAL HEART 

DISEASE® 

Meyer A. Rabinowitz, M.D.. Joseph WEmsTEiN, M.D., and 
Israel H. Marcus, M.D. 

Brookly'n, N. Y. 

A lthough the older English students recognized cerebral abscess 
as part of the classic picture of congenital heart disease,^ neverthe- 
less relatively few cases, confirmed by postmortem examination, have 
been reported since Ballet- in 1880 first definitely assumed a causal con- 
nection between this cerebral lesion and congenital cardiac conditions. 
Abbott, Lewis and Beattie’^ in 1923, after a careful search of the litera- 
ture collected 14 cases of jDaradoxical cerebral embolism, 6 of which 
proved to be cerebral abscesses. We have been able to find, only 4 addi- 
tional eases reported up to the present time. We wish therefore to re- 
cord this ease which we had the opportunity of observing. 

CASE REPORT 

T. S. (Case No. 124623), female, aged sixteen and one-half years, Hebrew, school- 
girl, was seen in consultation at her home on November 24, 1929 by one of us 
(M. A. R.) who, because of the story of a sudden onset of cerebral symptoms, fever, 
and the imesence of a congenital cardiac lesion, made the diagnosis of a paradoxical 
brain abscess, and sent her into the wards of the Jewish Hospital of Brooklyn, where 
the following history was recorded. Her chief complaints at the time of admission 
were headache and vomiting of one rveek’s duration. Her family history was es- 
sentially negative. Her past history revealed measles during infancy, tonsillectomy 
at the age of seven, and the fact that it was known that she had had a cardiac lesion 
since infancy. There was no history of cyanosis, episodes of cardiac failure, or 
embolic phenomena. The patient was apparently well until one week before admis- 
sion, when, following a large and indigestible meal she became ill with abdominal 
discomfort and malaise. The next morning she awoke with a severe generalized 
headache which became associated on the following day with vomiting, not projectile 
in character, and often induced by the xjatient. The headache grew progressive!}" 
worse, and at the tune of admission to the hospital was localized oecipitally and 
described as “terrific and unbearable.” There was no history of fever, sweats, 
convulsions, twitchings, or paralyses. 

Physical examination revealed a female of about sixteen years of age, well 
nourished and developed, acutely ill, very restless, thrashing about in bed, face 
flushed, lips cyanotic. The scalp was normal. Tenderness was elicited over the oc- 
cipital region. The eye examination revealed the nasal half of the right disc to be 
blurred and indistinct, the temporal half showing beginning blurring, and a swelling 
of the disc of one diopter; the left disc showed a swelbng of 3 diopters; the veins 
were distended and tortuous; there were no hemorrhages or exudate. The ears and 
nose were negative. The tongue protruded in the midline. The teeth were in good 
condition. There was no rigidity of the neck. Percussion of the heart showed en- 
largement to the left. There was a rough systolic murmur most marked at the ape.x, 
but heard over the entire ])recordium and at the base. The sounds were of good 
fpiality .and reguhar in rhythm. The abdomen revealed no tenderness or masses, the 
liver and spleen were not felt. The extremities were iiegative, exce])t for cyanosis 

•I- roll) tlte Medical Service of the .Tewish Hospital of Brooklyn. 

790 



KAMXOWITZ, ET AE. : 15KA1N A13SCESS IN CONGENITAr. HEART DISEASE 791 


of the finger lijis oiut toes. The (loop reflexes of the upper extremities were sluggish. 
Tlie abdomiiml reflexes were sluggish; the knee jerks very sluggish; the ankle jerks 
active. The Bnulzinski and Kernig signs were negative. The Eabinski and IToff- 
niann signs were bilaterally positive. 

On admission the temperature was S)9.-l° P., pulse SO, respirations 20. The white 
blood cell count showed 17,100 leucocytes, SS per cent polymorphonuclears, 4 per 
cent mononuclears and S jier cent large lymphocytes. The red cell count ivas 
0,120,000 with 100 per cent hemoglobin. The blood pressure was 100 mm. systolic 
and 70 diastolic. Spinal jnincture revealed fluid under markedly increased pres- 
sure, with 20 lymphocytes jier c. mm., and chemical examination showed sugar 
03 mg. per lOn c.e., albumin 4 plus, globulin 3 plus; no tubercle bacilli Avere found. 
Tlic colloidal gold curve was 00001333220. The blood 'Wassermann and. Kahn reac- 
tions Averc! ncgatiA’c. 

The patient av.ms admitted to the hospital at 0:30 r.Ar. She received magnesium 
suli)hato solution intr.amiisciilarly and oO per cent glucose intravenously. She ap- 
peared quieter and more comfortable, but died suddenly ;it 7 A.Jt. the next day. 

Po/stmortnu — (icneral: Eody Avas that of a Avcll-dcveloped and Avell- 

nourished female about sixteen years of age. 

Cavities shoAved no !ibnormalities. 

Lungs Avere voluminous. On section there oozed from tlu' cut surface a large 
amount of bluish red frotliy materi.'il. Throughout the jjarenchyma Avere scattered 
many hemorrhagic areas al.xiut 4 mm. in diamet(‘r. 'fhe bronchi and vessels ap- 
pe.'ired normal. ^licroscopically the lung tissue Avas markedly congested, and 
edematous. 'I’he alveoli contaiiuMl numerous red blood cells. 

Heart Aveighed 340 grams, wjis pointed and contracted. The surface Avas dull 
iind the iiericardium Avas o])a(iuc in spots. The right auricle Avas normal. The 

for.'imen ovale contained tAVo funnel-shaped ojAenings. The right A'cntricle Avas 

enormously thickened, the Avail measuring about 1 cm. The accessory musculature 
AA'.'is hypertroj)hied. The tricuspid vah’c Avas norm.al. The left auricle Avas normal 
in size. The Av.all of the left ventricle aa-.-is about 4 mm. thick and appeared normal. 
The mitral valve Avas normal. The septum membranacea and the upper portion of 
the intniA-entricular sei>tum Avere missing. The upper border of the septum Avas 
represented by ji semilunar rim Avith a concavity facing upAvard. The aorta origi- 
nated from the right, Avhile the ])ulmonary ;irtery ai-ose from the left side of the 
common ventricular orifice. The pulmonary ostium Avas decidedly smaller than 

normal. The ductus arteriosus Avas not patent. Tlie aortic and pulmonary vah-es 

Avere normal. 

Esophagus and stomach shoAved some submucous hemorrhages. 

Intestines appeared normal. The papilla of Yater Avas patent. 

Pancreas AA'cighed 70 grams and appeared normal, macroscopieally and micro- 
sco])ically. 

Spleen Aveighed IIS grjims. Capsule Avas smooth, color Avas deep purple, consis- 
tency normal. On section parenchyma Avas deep blue in color, the follicles Avero large 
and prominent. On the iinterior perirenal tissue there Avas found an accessory 
spleen, 1.5 cm. in diameter, resembling on section the splenic tissue. kIicroscoj)ically 
the spleen and accessory spleen shoAA'cd congestion and hemorrhage in the pulp Avith 
endothelial hy})orplasi;i. 

Adrenals Aveighed 13 grams each, and shoAA’od no abnormalities. Microscopic 
examination revealed an adenoma. 

Kidneys AA'cighed 107 and 122 grams. They AA’erc normal in size and shape. Cap- 
sule stripped easily, leaving a smooth, clean surface. On section they appeared 
normal except for a deep blue red appearance. Microscopic examination shoAA'ed con- 
gestion and extensive hemorrhages in the collecting tubules. 

Ereters and bladder Avere normal. 
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Tltevus ■\vas soft, slightly enlarged. Mucosa rvas thick and red (nienstiual). 
^licroscopic examination of ovaries and uterus shorved them to be normal. 

Bone marrow was normal. 

Liver weighed 1300 grams; on microscopic examination it appeared normal. 

The ears and sinuses ^vere normal. Tlie calvarium contained a numbei of thin 
ai'cas of varying size through which light passed (osteogenesis imperfecta) . 

Brain weigiied 127o grams. Dura was normal. The entire brain was markedly 
edematous, the right side more than the left. The convolutions were very prom- 
inent. The optic nerves appeared flattened. In tlie cerebellum there ivas an abscess 
ca\-ity, of the size of a walnut, containing foul smelling pus. On culture this pus 
showed Bacillus coli. Tlie membranes were normal. The pituitary body was micro- 
seopicall}’ normal. 

TJie findings in the heart in this ease on postmortem examination pre- 
sent the typical combination of congenital cardiac anomalies known as 
the “Tetralogy of Fallot,”® namely pulmonary stenosis, ventricular 
septal defect, dextroposition of the aorta and hypertrophj’- of the right 
ventricle. Although, as Avas brought out by Baumgartner and Abbott,^ 
.this is the most common of all cardiac abnormalities in patients with con- 
genital cyanosis reaching adult life, this patient gave no previous history 
of e 3 ’’anosis or signs of cardiac embarrassment. 

The source of the infected embolus is not clear in this ease. The on- 
set of the illness with gastro-intestinal sjmiptoms and the finding of foul 
smelling pus in the cerebellar abscess cavity, which showed the colon 
bacillus on culture, suggest the possibility of the gastro-intestinal tract 
as the point of origin. 

DISCUSSION 

The history of the studj' of the mechanism of the paradoxical brain 
abscess applies of course also to the paradoxical embolus without the 
infective factor. Abbott, Lewis, and Beattie’^ reviewed the work of 
Cohnlieim (1877) Avho aaus the first definitety to trace the path of an 
embolus through an opening in the cardiac septum, and whose findings 
were later confirmed bj’ VirehoAv (1880), Zahn® (1881), Kostan® (1884), 
and Hauser" (1888). Ohm® in 1907 reported a case of hemorrhoidal 
vein thrombosis which gaA^e rise to repeated cerebral emboli in a case 
of patent foramen ovale. He discussed in detail the mechanism invoked. 

The brain abscess is the result of a primarilj^ infected embolus or, less 
frequently*, of secondary- infection after embolization has occurred. * 

tyhile we find the occurrence of the paradoxical cerebral abscess most 
often in the congenital cardiac patient presenting the combination known 
as the “Tetralogy of Fallot,” the occurrence is possible in any- case 
where a communication exists between the right and left sides of the 
heart. Baumgartner and AbbotF report a ease occurring with a much 
less common combination of congenital cardiac anomalies, ImoAvn as the 
“Eisenmenger complex,” described by Abbott,® -which differs from the 
“Tetralogy of Fallot” in that there exists a dilatation instead of a 
stenosis of the pulmonary artery. Ballet’s case® presented only the 
interventricular sejital defect without the other anomalies of the 
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“ tetralogj''. ” Ballet quoted the case of Lalleniand in- which there was 
a patent foramen ovale,, pulmonary .stenosis, and no ventricular septal 
defect. 

The 10 cases which we have reviewed are classified according to the 
cardiac anomalies which existed and summarized as follows ; 

I. DEFECT OF THE INTERVENTRICULAR SEPTUM 

A. Fcscmhlviff ihc “ Tciralogy of Fallot.” 

1. Bj' J. E. Farre’" (1814). !Male, aged nine -and one-half years. Cyanosis ob- 
served definitely from the age of two and one-half. Four days before death, left 
lieiniplogia, witli severe pains in head, fever, and r.apid pulse rate. Autopsy findings: 
Ventricular septum defect, puhnoiiarj’ stenosis, deviation of aorta to the right. Ab- 
scess in right hemisphere of brain, containing one-half ounce of thick pus. 

2. By Charles Bertody” (1845). Female, aged twenty-oue years, eomplaiued 
of slight cyanosis and dysimc.a on e.vertion through life. Alwaj's suffered from 
headaclies, whicli a few days before death became markedly increased and were as- 
sociated with fever and later with delirium and coma. Autops.y findings: Ventricular 
septum defect at orifice of aorta. Pulmonary artery contracted and aorta arising 
from both ventricles. Abscess in left posterior lobe of brain, size of a pigeon’s egg; 
left lateral ventricle filled with pus. 

3. By IV. H. Stone’’ (1881). Female, nineteen years old. Cyanosis and dyspnea 
from birth. Sudden onset of severe headache shortly before death. Autopsy find- 
ings: Conus stenosis of right ventricle; acute endocarditis of lower conus orifice. 
Large ventricular septum defect at base below aortic orifice. Eight ventricular 
wall hypertrophy. Purulent meningitis. Cerebral abscess in right occipital lobe, 
containing fetid pus, which had burst into the horn of the right l.ater.al ventricle. 

4. By Th. Dcneke” (190G). !Male, aged eighteen years. Cyanosis and clubbing 
of fingers since childhood. Ten days before death sudden onset of severe headaches 
-and left-sided hemiplegia. Autopsy findings: Large ventricular septum defect. 
Transposition of aorta --ind narrowed pulmonary artery. Eight ventricular hyper- 
trojihy. Narrow ductus Botalli. Streptococcic abscess of right cerebral hemisphere, 
size of walnut. 

5. By Abbott, Lewis and Beattie' (1923). Male, aged eleven ye-ars. Cyanosis and 
d 3 'spnea from birth. Appendectomj' for acute appendicitis eight days before 
death. Six days after appcndectom.v sudden onset of severe headache and tempera- 
ture of 101° F. On following da,y right hemiplegia. Autopsy findings: Pulmonary 
atresia, veutrieular septum defect at base. Aorta arising from conus of right 
ventricle. Hypertrophied right ventricle. Cerebral abscess of loft frontal lobe. 
Purulent meningitis. 

6. Bj' William Eaab” (1923). Male, aged fifteen j-ears. Cyanosis and dyspnea 
since attack of scarlet fever at age of six. Sudden onset of violent frontal head- 
aches and fever to 104° F. three weeks before death. One week before death, left 
hemiplegia. Autops.v findings: Hj'poplasia of pulmonary artery with stenosis of 
orifice. Ventricular septum defect, patent foramen ovale. Eight ventricular hj’per- 
trophj'. Aorta arising from both ventricles. Recrudescing verrucous endocarditis of 
all valves of all orifices. Abscess, size of hen’s egg, in right cerebral hemisphere 
under central fissure, and perforation of abscess into right Lateral ventricle. 
Purulent meningitis. 

7. Bj' Frances Bach*'^ (1928). Male, aged thirtj’ j-ears. Bj'spnea and cjmnosis 
since birth. For ten jmars fainting spells and severe frontal headaches on exertion. 
Fourteen days before death 6 carious teeth were removed. Five daj’s later onset of 
severe frontal and tempor.al headaches. Temperature to 103° F. Headaches progres- 
sive. Coma. Autopsj' findings: Tooth sockets health}’. Heart: Aorta arising from 
both ventricles; narrowed pulmonary artery; In’pertrophied right ventricle; large 
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ventricular septum .defect; open foramen ovale. Brain: Large abscess in right 
posterior temporal region; purulent meningitis. 

Ti. Trescniing ihe “ Eisenmciigcr Complex.” 

8 . By Baumgartner and AbbotU (1929). Male, aged twenty years. IModerate 
dyspnea and cyanosis on c.xertion all his life. About two weeks before death on- 
set of headache. Later drowsiness, left hemiplegia, difficulty in speech, progressive 
headache, coma. Autopsy findings: Marked dilatation of pulmonary artery, aorta 
arose from both ventricles, ventricular septum defect, right ventricular hypertrophy. 
Large abscess in right frontoparietal region involving motor area and internal 
capsule. Culture of pus showed Streptococcus hemolyticus. 

C. Ventricular Septum Defect With Anomalies Other Than the Above. 

9. By Ballet^ (1880). Male, aged fifteen 3 'ears. No history of cyanosis. Left 
hemiplegia ten daj’s before death. Autopsy findings: Ventricular septum defect. 
Malposed septum. Aplastic right ventricle. Both auricles opened into left ventricle 
which was markedly hypertrophied. Abscess, size of small orange, in frontal lobe, 
and purulent infiltration of surrounding brain tissue. 

II. PATENT FORAMEN OVALE WITH PULMONARY STENOSIS AND CLOSED INTERVENTRICU- 
LAR SEPTUM 

10. Bj’ Lallemaud*” (1821) (quoted bj' Ballet). Female, aged fifty-seven j-ears. 
Violet-red color of face since infancj’. Severe dj'spnea on exertion. Left hemi- 
plegia, twelve daj’s before death. Autopsy findings: Patent foramen ovale, pulmo- 
nary artery stenosis, right auricular and right ventricular hypertrophj'. Cerebral 
abscess, size of hen’s egg, in right hemisphere containing 3 ounces of yellowish-green 
pus. 

That the condition is more common than the paucity of the subject in 
the literature would lead one to believe is indicated by an analysis of 711 
consecutive autopsies by Rostan.® He found a patent foramen ovale 
139 times, or in 20 per cent of the cases; and in 7, or 5 per cent, of these, 
liaradoxieal embolism had taken place, and in 3 of the 7 cases it was 
cerebral. And, as was brought out by Baumgartner and Abbott,^ and 
observed in this collected series of cases, termination by brain abscess 
is especially liable to occur in v^entricular septal defect, particularly so 
when there is dextroposition of the aorta, such as occurs in the 
“Tetralogy of Fallot,” for then there is a more direct path for the 
transmission of the infected embolus. 

The paradoxical brain abscess seems to occur somewhat more fre- 
quently in males than in females, the ratio in this series being 7 males 
to 4 females. The ease with open foi’amen ovale and closed ventricular 
septum was in a female who had reached the age of fifty -seven ; but the 
cases with ventricular septal defect all occurred at a comparatively early 
age. The age of the patients varied from nine and one-half to thirty 
years, the average being sixteen and one-half years. The source of the 
infected embolus cannot often be determined. In Case 5 it occurred 
after operation for acute appendicitis ; in Case 7 it propably was due to 
the extraction of cai'ious teeth; in the othei’ cases the source was less 
definite. There does not appear to be any particular site of predilection 
in the brain for the occurrence of the abscess. Ours was the only case in 
wliich it occurred in the cerebellum. 
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The symptoms of paradoxical brain abscess do not differ essentially 
from the symptoms of brain abscess of any other source. The local 
signs and symptoms are the most important. Fever and a leucocytosis 
may be present. Eyeground examination and lumbar iiuncture may 
help in the diagnosis, depending on the location and size of the abscess. 

SUMMARY 

A congenital cardiac case presenting the combination known as the 
“Tetralogy of Fallot” and terminating with a paradoxical cerebellar 
abscess is reported, and a review from the literature of ten additional 
cases of paradoxical brain abscess is discussed. The sudden onset of 
cerebral symptoms in congenital cardiac cases, where interaurieular or 
interventricular septal defects are suspected should lead one to consider 
a diagnosis of paradoxical brain abscess regardless of whether a septic 
focus can or cannot be demonstrated. On the other hand, the presence of 
an idiopathic brain abscess should lead one to suspect the possibility of 
the presence of a congenital cardiac anomaly. 
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A LIGHT WEIGHT PORTABLE ELECTROCARDIOGRAPH 

Hubert IMakn, jM.D. 

New York, N. Y. 

T he clinical use of the electrocardiogi-aph has been hampered b^^ the 
excessive weight and bulk of the present so-caUed portable instru- 
ments, and also by the fact that the records taken by these portable in- 
sti'uments differ in many respects from the records taken with the 
standard string galvanometer. These defects of excessive weight and 
unsatisfactory recording are not inherent in portable electroeardio- 
gi'aphs but can readily be eliminated by proper care in design and con- 
struction. The truth of this statement can be judged from the following 
description of a portable electrocardiograph which has been so con- 
structed as to combine a maximum of serrieeability with a minimum of 
inconvenience. 

The characteristics of this instrument are as follows : 



Pigr. 1. 

1. The total weight is forty-three pounds complete with batteries 
in two metal boxes whieli measure 7 by 9 by 11 and 7 by 9 by IS inches 
respectively. 

2. The I'eeord taken is of standard width (6 centimeters). It may 
be recorded on either film or paper. It is a replica of the record taken 
v-ith the standard string gaHanometer. 

3. The instrument operates from its own batteries and is independent 
of the house current. 

4. Durability and accuracy have been tested by frequent use for the 
past nineteen months. 

Fig. 1 slioivs a record taken iritli tliis instrument. 

The instrument operates hv means of a three stage amplifier of simple construc- 
tion, using standard tubes obtained in the open market. Tliis amplifier has been 
especially designed to avoid distortion. The accurate amplification of the QES 
eomple.x is comparatively simple but the T-waves present special difficulties and 
special attention ivas paid to them in the design, ivith the result that the slowest 
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T-wavcs arc amplified without a])prcciable distortion. Tiiis is indicated by the 
fact that if a constant voltage is applied to the input of the amplifier (see Fig. 1) 
the record shows a deflection wliich is irractically horizontal for over one-fifth of a 
second. 

Tlie galvanometer, wliich is of the moving mirror type, has a natural period 
considerably shorter than 1/100 of a second. It is critically damped so that it can 
be very quick without overshooting under any conditions. This galvanometer re- 
flects a very wide beam of light in the center of which is the shadow of a wire, 
thus duplicating the picture produced by a string galvanometer and permitting the 
use of a time marker of simple construction. 

The apparatus is made mostly of duralumin and aluminum; no structural parts 
are made of wood. Thus it is rugged and rigid, and it cannot warp out of shape 
with changes of climate. A single electric motor operates the camera and the 
time marker. Its s])eed is accurately controlled by a special speed control which can 
be relied upon within a fraction of one per cent. The batteries used are Edison 
alkali batteries which have a long life and do not give off corrosive fumes. 

The amplifier bo.x c.ontauis the amplifier with its batteries and a control panel. 
This panel carries a main battery switch, a filament rheostat, a voltmeter indicating 
both high ;ind low voltage, a lead selector, and .a switch for applying a millivolt, 
used in standardizing the instrument. A three conductor cord goes to the patient, 
and a two conductor cord is jiliiggcd into the camera box. 

The camera box contains the galvanometer and optical system, the film, the 
time marker, the driving mechanism and its storage battery, and a control panel. 
The control panel carries a .i<'iek to receive the amplifier plug, a knob to adjust the 
light beam position, a knob to adjust sensitivity, a switch to turn on the light and 
motor, and a neriscojie to view the heart action during operation. 

In contrast to the string galvanometer the sensitivity of this electrocardiograph 
is not affected by skin resistance, and adjusting the sensitivity docs not involve 
changing the siiecd of deflection. It can be operated in broad daylight. 

It is to bo emphasized that the light weight and other desirable characteristics 
of this instrument have been achieved solely through careful design and without the 
sacrifice of any essential parts. Its construction has involved great care to make 
the instrument not only portable but durable. .Vnd finally, the construction of 
this electrocardiograph has involved a far smaller financial outlay than would have 
been involved in the purchase of any of the available commercial electrocardiographs. 



PORTABLE ELECTROCARDIOGRAPH GIVING 
DIRECT INK TRACINGS® 

Pierre Duciiosal, M.D., and Robert Luthi, Lic.Sc. 

Geneva, Switzerland 

M any attempts have been made to record meclianically the action 
currents of the human heart by means of A’^acuum tube amplifiers. 
Tlie difficulties are considerable, owing to the weakness and Ioav fre- 
quenej^ of the electroeardiac current. 

Different types of amplifiers have been employed, but they have all 
pi'oved insufficient to give a faithful record of the electrocardiograms. 

The great clinical interest attached to this problem in medical prac- 
tice induced us to make further attempts. By the use of the “ticker” 
Ave have been able to surmount the difficulties arising from the natural 
form of biological currents. 





Fig. 1. — Record of a current of 1 millivolt. Timing 1/50 sec. 


The ticker is an interrupter AA'hich has been used primarily in Avire- 
less telegraphy for the purpose of audition. Its application to the 
amplification of action currents has given us entire satisfaction. 

The ticker in combination Avith an amplifier increases the intensity 
of action currents of the heart to such an extent as to set in motion a 
mechanical AAU’iting oscillograph. This oscillogi-aph is an electrodynamic 
arrangement specially designed for this purpose by us. It consists 
essentially of a moving coil to Avhich is attached a glass pen Avhich 
records in ink the tracings on ruled paper. The ink supply is derived 
from a s])eeial container AAdiich iirevents overfloAving during transport. 

The maximum range of the pen on the paper is 6 cm. and the maxi- 
mum periodicity 100 per sec. 

Special arrangements are proAuded to preA’-ent overshoek of the moAung 
pen. The tracing in Fig. 1 sIioaa’^s the efficaej^ of this contriAmnee. 

The amplifier and fhe oscillogTaph are under complete electrical and 
mechanical control. Pigs. 2 and 3 effectwely demonstrate this point, 
and shoAv at the same time the similarity of the curves obtained by an 
optical standardized eleelroeardiograph (Boulitte) and our direct ink 
tracing method. 


•From tlic Alodical Clinic and Phy.sicai Laboratorj', Geneva Univer.sitv, Swit- 
zeriand. 
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At the same time these curves prove the accuracy ot the electro- 
cardiograpliic systems -witli anpilifier, wliicli are not inferior to the string ' 
galvanometers. 

The sensibility of our electrocardiograph is regulated by the degree 
of amplification, -whereas in the optical systems it is regulated by the 
tension of the string. The tension of the steel wires which support the 
moving coil in our electrodynamic oscillograph is constant, and this fact 



Pip. 2. — Normal ca.se. The same electrocardiogram taken with an optical stand- 
ardized apparatus (Boulitte) and the direct ink ti’acing electrocardiograph. (Natural 
size.) 
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Fig. 3. — Myocardial infarction. Electrocardiograms taken at the same time with the 
optical method and the direct ink tracing apparatus (eight days after a severe attack). 
Auriculo-ventricular block, typical T-wave. (Reduced 1/3.) 
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guaranties the regularity of the curves independently of the resistance 
of the patient under examination. 

In addition, Figs. 2 and 3 show that Ihe ink tracings are not inferior 
to the photogi'aphic tracings in the precision of the waves or the neat- 
ness of the curve. 

Our portable direct ink 1i-acing electrocardiograph consists of the two 
neat cases whose total weight is 37 kilograms (Fig. 4). One ease con- 
tains the aecumnlators and the other the electrocardiograph. By means 
of this apparatus the physician is able to obtain a complete electro- 
cardiogram by the bedside of the i)atient in less than ten minutes. 

Onr ob.iect in presenting this apparatus to medical practitioners is 
twofold: fir.st, the gi-eat simplicity in its application, and second, the 
advantage of having an exact tracing on the spot. 



Department of Clinical Reports 


SUBACUTE BACTEEIAL (STREPTOCOCCUS VIRIDANS) ENDO- 
CAEDITIS AND ENDARTERITIS im^OLVING THE TRI- 
CUSPID I^ALVE AND THE PU'LMOA^ARY ARTERY IN A 
U^HQUE CASE OP THE TETRALOOY OP PALLOT COM- 
PLICATED BY CONGENITAL PULMONARY REGUR- 
GITATION 

Paul D. White, jM.D., and Joseph H. Boyes, M.D. 

- Boston, jMass. 

'^HE termination of life in congenital oardiovasenlar disease by the 
complication of subacute bacterial (Streptococcus viridans) endo- 
carditis and endarteritis is not rare. Maude Abbott^ reports that among 
555 cases of congenital cardiac disease analyzed by herself, 98 (or 17.6 
per cent) presented such subacute bacterial invasion. Of 82 of these 
cases, 20 (or 23 per cent) were cyanotic patients Avith pulmonary steno- 
sis,' made up almost Avhoily, in all probability, of instances of the 
tetralogy of Pallot (iDulmonarj* or infundibnlar stenosis, interventricular 
septal defect, dextroposition of the aorta, and right ventricular enlarge- 
ment). An analysis from the opposite point of view by Abbott on the 
same page reports that among 84 patients with pulmonaiy stenosis and 
ventricular septal defect there Avere 25 eases (30 per cent) of acute 
or subacute endocarditis. Examples of the complication of subacute 
bacterial endocarditis and pulmonary endarteritis in the tetralogj^ of 
Fallot have been published by Abbott® and by Leadingham.^ Immlve- 
ment of the pulmonary artery by subacute bacterial infection has been 
discussed by a number of authors, including IMehliiU and Gordon and 
Perla the majority of such cases show patency of the ductus arteriosus. 

We have obtained postmortem examinations in three of our private 
patients Avith the tetralogA^ of Pallot. The first two patients died of 
heart failui-e, complicated by cerebral symptoms, and of apoplexy 
respectively, at the ages of twenty-three and of sixty years. The third 
case. AA'hich forms the basis of the pi'esent report, aaus a young Avoman 
aged twenty-one years who died of subacute bacterial (Streptococcus 
viridam) infection invohing the tricuspid A'alve and the pulmonary 
artery. Her heart Avas especially remarkable in that it shoAved in addi- 
tion to the tetralogA* of PaUot a congenital defect in the pulmonary 
valve itself, giA-ing rise to pulmonary regurgitation, Avhich lesion ren- 
dered the exact diagnosis clinically a difficult one. Congenital pul- 
monary regurgitation is very rare, haAung been noted only 12 times in 
Maude Abbott’s series of 1000 ease.s,= but aa’c ourselves happen to have 

S02 
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found the condition once before at postmortem examination," and in 
that case tlie cusps were entirely missing. 

The present ease is reported, therefore, partly because of its rarity 
and parly to throw light on the establishment of; the correct diagnosis 
of pulmonary regurgitation in similar cases in the future. 


CASE REPORT 

W. IT. !M., a young woman sluclont, aged twenty-one years, entered the Baker 
^lemorial Hospital (^tassachusetts General Hospital) on April S, 1930, with a his- 
tory of an acute illness of six weeks’ duration. Trouble started with a "cold in 
the head” and fever. There was a coryza for a few days only but the fever per- 
sisted. Diarrhea oaine on after the head cold had subsided, and for several weeks 
there were three to four watery movements a day without pain and without blood 
or iniieus in the stools. Gradually the diarrhea subsided but the stools were 
still abnormally frequent and loose on admission to the hospital. Her diet had 
consisted mostly of buttermilk for the first part of the illness but was changed 
later to a' light mixed diet. For two weeks before entrance to the hospital a mild 
cough had existed. 

Her past history reveahnl one important point. At the age of five years, in 1914, 
she had been examined by a ]n‘diatric.ian for some minor complaint and a harsh 
.systolic murmur with pal|)ablo thrill had been found in the pulmonary valve area. 
In I91G there were the same finding.s along with a suspicion of active endocarditis. 
She was sent to a children’s heart hosi)ital for a few weeks and discharged in 
good condition. At the ago of nine years in 1918 she had her tonsils and adenoids 
removed. On repeated examinations, the last of which was in 1924, the heart is 
said to hav(! shown what it did at first. .After long continued observation over 
a period of ten years which included the finding of slight transient cyanosis on 
exertion, a final diagnosis of some kind of congenital heart disease was made by 
the pediatrician who had seen her first in 1914. The only infections in childhood 
were measles and chickeni)ox. There was no history of scarlet fever, rheumatic 
fever, diphtheria, or pneumonia. 

The family history was good. Father, mother, one brother, and one sister were 
living and well. 

Fin/sical examination on Ajiril S, 1930, on admission to the hospit.al, showed a 
young wom.'in lying comfortably, flat in bed n-itli slight but definite cyanosis of 
the lips and toes but little or no clubbing of either fingers or toes. There was no 
dyspnea. No petechial hemorrhages or nodules were found anywhere over the body. 
The heart showed slight enlargement, the apex impulse and left border of dullness 
being found in the fiftb intercostal space 9.0 cm. to the left of the inidsternal line 
and 1.5 cm. beyond the midclavicular Hue. The heart sounds were normal. There 
was a loud harsh systolic murmur heard best at the left of the upper sternum in 
the second and third interspaces and not welt heard elsewhere over the precordium. 
It was attended by a pal]iable thrill. There was also hoard a slight but dcfiuite 
blowing early diastolic murmur at the left of the upper sternum maximal in the 
second space. Tlie two inurmurs were not continuous but were distinctly separated 
from one another. The lungs were clear but showed harsh breath sounds through- 
out. The abdomen was jiormal. Liver and spleen were not palpable. There was 
no edema over back or legs. 

At this time, before further study was made, the following comments were written 
in the record: "The diagnosis is very difficult. The positive findings indicate in- 
fection and heart disease. Wliether these two arc now related is the question to 
determine. The heart condition suggests strongly a very unusual pulmonary valve 
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lesion, perhaps congenital (that is, pulmonary stenosis), perhaps acquired (pul- 
monary stenosis and regurgitation) or perhaps combined (that is, subacute bac- 
terial endocarditis complicating a congenital lesion). There does not seem to be 
definite evidence of mitral or aortic disease. Treatment. Symptomatic therapy and 
contmued study as to the cause of the fever and diagnosis as to heart lesion. 
Prohahlc diagnosis: Subacute bacterial endocarditis involving the pulmonary valve, 
perhaps superimposed on congenital pulmonary stenosis. Bacterial endocarditis 
complicating congenital patency of the ductus arteriosus is the other possibility.” 

On April 10, 1930, the following note was made: “The character of the mur- 
murs in the pulmonari" valve area is not typical of patent ductus arteriosus. The 
time of the loudest murmur and thrill is systolic. Pulse is not Corrigan.” 

On April 11, “Fluoroscopic examination shows marked prominence and bulging 
in the region of the pulmonary artery with vigorous pulsation, appearing to be a 
Corrigan pulse in the pulmonary artery. There is also well marked pulsation of 
the lung hiluses. Heart somewhat enlarged. 

“Electrocardiogram shows normal rhj-thm, rate 105, slight to moderate right axis 
delation, but not typical of marked congenital pulmonarj^ stenosis.” 

On April 14, ■' ‘ The report of a positive blood culture confirms the diagnosis of 
bacterial endocarditis. ’ ’ 

On April 18, “Spleen not palpable. Condition shows no appreciable change. 
Murmurs as before. No petechial hemorrhages or evidence of embolism.” 

Dr. Maude E. Abbott saw this patient in consultation on April 18 and made 
the follondug note: “Tentative diagnosis — Patent ductus arteriosus ndth dilatation 
of the pulmonarj’ artery and infective pulmonary endarteritis, beginning around 
the pulmonary orifice of the ductus arteriosus, probably extending down to and 
involving the pulmonarj' valve with puhnonai’y insufficiency from destruction of 
the cusps.” Cm- omi note that same day follows: “This diagnosis by Dr. Maude 
Abbott is very logical and seems likely to be correct. There is no specific therapy 
and the prognosis is bad. It is probably a matter of a few weeks.” 

On April 26 she was discharged from the hospital witti the following note: 
“There has been no appreciable change in her condition since entrance except for 
a moderate increase in the secondary anemia and the development of slight clubbing 
of the fingers. It is probable that there Avill be some weeks or even months before 
the termination of this illness. The prognosis is hopeless. ’ ’ The diagnosis on 
discharge was : ‘ ‘ Congenital patency of the ductus arteriosus with subacute bac- 
terial endocarditis and endarteritis, involving the ductus arteriosus, pulmonary 
.artery, and pulmonary valve. Streptococcus viridans is the causative agent of the 
endocarditis. ’ ’ 

During the next two months this patient gradually failed at home and died on 
Juno 25, 1930, havbig had “acute meningeal sj-mptoms for the last day or +wo. ” 
The known duration of the illness was four months. 

LABORATORY DATA DURING HOSPITiVL STAY 

The temperature chart showed constant fever, ranging from 99° to 104.5°, with 
daily swings from the lowest figures in the morning to the highest in the evening. 

Urine, April 8, 1930. Normal, acid, specific gravity 1.014, very slight trace of 
albumin, no sugar, bile or pus. Sediment: occasional squamous cells, occasional 
leucocytes, few bacteria, rare red blood cells. 

Blood counts and smears, April 9, 1930. White count 19,500, red count 4,450,000, 
llgb. 70 per cent. Differential leucocyte count: 87 per cent polymorphonuclears, 8 
per cent large lymphocytes, 4 per cent small lymphoej’tes, 1 per cent large mono- 
nuclears. iffoderate achromia and marked polychromatophilia of red blood corpus- 
cles with variation in size and shape. Platelets decreased. 
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April IS, lO.'lO. AVIiite count, ]2,;"i00, red count 3,t)r)0,000, ITgb. 55 per cent. Poly- 
luorplionuclo.'ir.s S.5 ])er cent, snuill lyniphocyte.s .15 ]>er cent, nionomiclears 2 per cent, 
uncliiHsified 2 jier cent. Slight ji<-hronti!i and sliglit v.ariation in shape of red celLs. 
Platelet.s .slightly decreascal in nunilu'r. 

Blood cultures .Ajjril !>, IhdO. Both tlasks showed Strrplorocciif; viriddiis. 

Ajiril 15, lO.'lO. 1. Strcptornrciid virithnis. 2. Sircptococcns viridunn. 

April Ki, lO.lO. Both blood cultures showed Streptococcus viridaiis. 

Elect rocardiogr.ani, A]iril !•, Itl.'lO, showed norma! rhythm, rate 105, .and slight 
rigid, axis deviation. 

PO.STMOKTHM KXAMINATION, .TUNE 25, ]9:{0 

The ex.amin.ation was p(>rformed eight hours after death, tlie thorax only being 
opened. There were slight cyanosis and ;i moderate clubbing of the lingers. 

The lungs were moderately congested, and on the left the lower lobe was compres- 
sed .and .at (‘had. a tic, being ilisplaeed laterally and upward by an enlarged heart. The 
right lower lola' contaiiu'd several small wedge-shaped areas, having the typical ap- 
jaaarance of infarcts. 

The heart weiglied 5-l(i grams. It was decidedly abnormal in shape, due in part 
to a dilatation of the right auricle, but princi])ally to an hypertrophy of the right 
ventricle, producing a blunting of the apex, tin; whole organ assuming a roughly 
rectangular shap(‘. 'I’lie heart before rt'inoval fiami the chest was noted to lie al- 
most at. right angles to the midline. • 

'I’lie ajiex of the heart wjis madi' up j>raclically entirely of right ventricle. Three- 
fourths of the anterior surface consisted of the right ventricle and one fourth of 
the left. 'J'he jiosferior surface ^vas made uj> two-thirds of right ventrich* and one- 
third of h'ft vi'iitricle. 

The h'ligth of the he.ait from the base of the aorta to the api'X was 11.5 cm., and 
from tin* superior \'ena caval opening to th(‘ apex, 15 cm. The anti'ropostc'rior thick- 
ness of tin* V(‘nt rides was S cm. 

The jiericardium was normal. 

The chambers of the heart and the great vessels were in normal relationship. 'I'hc 
venae cavae were normal and emptied into the right auricle. The latter was dilated 
to twice the normal si/e and its wall was slightly thickened. The foramen ovale was 
closed. 

The tricuspid valve was slightly thickemd, and on its cusps were many vegeta- 
tions, most, numerous on the posterior cusji where tla'v consisted of long pedunculated 
grayish while masses, hanging down into the ventricular cavity, some measuring as 
much as 2.5 cm. in length. On the nualial and anterior cusps there were a few 
shaggy vegetations only a few millimeters in length. The circumference of the 
valve was estimated to be 10 cm. 

The right ventricle was dilated .and markedly hypertrophied, being considerably 
larger than the left. The wall measuiaal 12 mm. in thickness in the main cavity, 
thinning down to about. -1 mm. in the pulmonary infundibulum. The muscle was of 
normal color and consistency. The infundibulum was 3 cm. in length and 22 mm. in 
diameter at its origin, narrowing gradually as it jtpproached the pulmonai'y valve. 

The pulmonary valve numsured 35 mm. in diameter and was composed of two 
cusps, leaving when closed, a narrow slitlike oj)ening 34x3 mm. in si/c. One cusp 
extended the full diameter of the artery, and behind its free edge the shallow cup 
was divided into uneeiual portions by a narrow fibrous ridge extending from the free 
m.argin to the wall of the artery. The opi)osing cusp did not completely cover the 
other half of the artery, but left a small area 2 to 3 mm. in width on the anterior 
surface. This latter smaller cusj) was more than twice as deep as the opposite one. 
There were no vegetations on the pulmonary valve. 
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The pulmonary artery ■was markedly dilated from the level of the valve to its first 
branches. About 3 cm. above the valve, it measured 9 cm. in circumference. On 
the external surface of the artery, beginning just above the level of the valve, and 
over an area about 4 cm. square, the wall was reddened, injected, roughened, and 
seemingly thinner than the remainder. On the intimal surface, corresponding to this 
area, the wall was covered •ft'ith numerous shaggy vegetations, similar in appearance 
to those found on the tricuspid valve. The remainder of the pulmonary artery was 
negative except for the dilatation mentioned above. The ductus arteriosus was 
closed. 

Tlie left auricle was of normal size and thickness and contained no thrombi. 

The mitral valve measured 8 cm. in circumference and except for a slight thicken- 
ing of the cusps was normal in appearance. There were no vegetations on the valve. 

The left ventricle, comprising less than one-half the bulk of the heart, was of nor- 
mal size and not dilated. The muscular wall measured 11 mm. in thickness. The 
papillary muscles were not abnormal. 

Tliere was a defect in the interventricular septum measuring 3 x 1.5 cm., 75 cm. 
above the apex of the left ventricle, and immediatelj’ below the dextroposed aortic 
valve. 

The channel leading to the aorta from the left ventricle measured about 2.5 x 1 cm., 
one side consisting of the aortic cusp of the mitral valve. In the right ven- 
tricle, the channel leading to the aortic valve was more direct and slightly larger, 
measuring 3 x 1.5 cm., at the uppermost ijortion of the septum where these two chan- 
nels joined. At the level of the defect, the septum varied from 6 to 8 mm. in 
thickness. 

The aortic valve was situated more over the right than over the left ventricle. 
Its three cusps showed some variation in size, there being one large and two small 
cusps. The large cusp comprised about one-half the vahmlar surface, the remainder 
of the area being covered about equally by the two smaller cusps. At the level of 
the valve, the aorta measured 27 mm. in diameter. 

The aortic arch was smooth and of normal size. There was no coarctation. 

The coronal-}' arteries wore normal in size, and the walls Avere not tliickened or 
sclerosed. The right coronary artery took its origin behind the large aortic cusji, 
and supplied practically the entire right A’entricle. The left coronary artery branched 
normally and supplied the remainder of the heart. 

PatJioJoffical Diagnoses : Congenital anomalies of the heart, (interventricular 
septal defect, pulmonary stenosis and regurgitation, dextroposition of the aorta, 
hypertrophy of the right ventricle), and bacterial (Strepiococens viridans) endo- 
carditis of the tricuspid i-alvc and of the pulmonary artery. 

DISCUSSION 

That subacute bacterial endocarditis complicating congenital cardio- 
vascular disease was present in. this case was evident after a brief clinical 
study, but the failure to make an exact diagnosis of the structural de- 
fects was due to several reasons. In the first place the great rarity of 
congenital pulmonary regurgitation made such a diagnosis improbable, 
the diastolic murmur being thought at first to be the result of secondary 
involvement of tlie pulmonary valve by the infection and later to be a 
part of the manifestation of patency of the ductus arteriosus even though 
unusual in timing (that is, the murmur Avas not continuous). The 
marked prominence of the pulmonary artery on x-ray examination Avas 
at tlie time attributed most readily to patency of the ductus arteriosus. 
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witlioiit the realization that long continued pulmonary regurgitaion 
■would he associated ivith ])ulmonary artery dilatation. The marked 
water-hammer pulse in the jiulmonary artery as seen fliloroseopically 
was not given its correct significanee as due to pulmonary regurgitation; 
patency of the ductus arteriosus does not produce so marked a pulmo- 
nary arterial pulsation as we found in this case. The second chief reason 
for our missing the exact diagnosis of structural detects in this case was 
the extraordinary paucity of evidence for the tetralogy of Fallot; the 
cyanosis was very slight, clubbing of the fingers was not apparent at all 
at first, and the blood showed a secondary anemia (due to the inteetion) 
rather than a polycythemia. Experience in this case should prove help- 
ful in future ea.se.s. 


SUM MARY 

A very unusual case is reported of subacute bacterial (StreiJtococcus 
viridavs) endocarditis and endarteritis involving the triseupid valve 
and the pulmonary artery in a young woman twenty -one years old who 
showed the tetralogy ol‘ Fallot complicated by congenital pulmonary 
regurgitation. 
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POSTURAL HYPOTENSION WITH TACHYCARDIA. A CASE 

REPORT^^ 


Audley 0. Sanders, M.D. 

Palo Adto, Calif. 

B radbury and Eggleston^ in 1925 reported their observations of 
three patients vhose blood iiressures regularly fell below the critical 
level on standing in the erect position for a few minutes, and in their 
report they used the term “postural hypotension” to represent the 
pai-ticular condition described. Since 1925, several other cases of 
postural hj^potension have been reported.-’ The marked features of 
the first reported cases were ; critical fall of blood pressure with change 
from the horizontal to the upright position ; slow pulse rate ; incapacity 
to perspire; lowered basal metabolism; and signs of indefinite changes 
in the nervous system. Other features present in some, but not in all, 
of the reported eases were : chronic diarrhea ; greater excretion of urine 
by night than by day; loss of sexual power; false appearance of youth, 
and secondary anemia. 

In reviewing the reported eases of postural hj’-potension, it is observed 
that the essential and characteristic features common to all were: (1) 
the fading of the blood pressure below the critical level with the as- 
sumption of the upright position, and (2) the physical and psychical 
symptoms which were direct results of cerebral and cerebellar anemia. 
The other phenomena, not common to all the cases, Avere evidently in- 
dhddual or incidental. 

Another case of marked postural hypotension is here presented. In 
this case tachycardia and abnormal changes in the electrocardiogram 
accompanied the fall in blood pressure Avith the change from the hori- 
zontal to the upright position. 


CASE REPORT 

The patient, an electrician, thirty years of age, came under observation on No- 
vember 30, 1931. He complained of marked dizziness, blurring of vision and faint- 
ness on sitting, standing or walking, sensations as of abnormal heart action, fre- 
quent nausea and distress in the upper .abdomen, soreness of the lower abdomen, 
chronic diarrhea, and numbness and coldness of the hands and feet. He stated that 
all of these conditions had continued for several years and that for the past three 
years they had entirely incapacitated him from earning a livelihood. 

The patient was kept under observ.ation until December 29. The folloAriug notes 
are taken from the case records: 

He states that he was a strong and healthy child and youth prior to entering 
the U. S. Army early in ^lay, 1917, and that he had no sickness or injury of conse- 

•From the U. S. A’eterans’ Administration Diagnostic Center. 

Published with the permission of the Medical Director of the U. S. Veterans’ 
Administration. 
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qucnco in the army service until about October 18, 1918, wlien he was “blo-v\Ti up” 
by a shell explosion, and, at the same time, was overcome by poison gas. He has 
no clear memory of what happened, and he thinks that he was unconscious for a 
short lime. When he came to liimself in a first aid station, he found that ho had 
several slight and superficial wounds, that he had severe throat and lung irritation 
from the g.as, and that he was very much upset nervously. He was returned to the 
United States as a “casual” and was continually under treatment in army hospitals 
until the follwing June. His weight early in 1918 had been 195 pounds. His weight 
in June, 1919, was 145 pounds. Since 1919 his weight has varied between 130 and 
145 pounds. 

From 1919 to 1928 ho w:is greatly handic.apped by dizziness and faintness when 
he was walking or standing, though he was able to hold a position for some years 
as resident operator of an electric power substation. He explains that in that po- 
sition no strenuous exertion was required and that he was permitted ,to rest most 
of the time. 

Since 1928 he has not been .able to do any work. For this time he has not only 
been dizzy and faijit when sitting, standing or walking, but ho has also had much 
abdominal distress and an almost constant watery diarrhea. The abdominal distress 
has subsided and the stools have been formed only when he has rested in bed for 
several days. Ho has observed th.at his pulse has been slow while resting in bed, 
sometimes as slow as 40 per minute; but on rising from the bed his pulse has im- 
mediately become rapid. His wife has counted his pulse while standing and has 
reported that it is sometimes as fast as IfiO per minute. He has often had “queer 
sensations” in liis heart .as though its action were irregular. When he has been 
walking, standing, or sitting for a time and has felt liimself becoming dizzy and 
faint and his sight, becoming blurred, he has learned to avoid serious injuries by 
immediately lying down or sitting down and bending forward until his head be- 
tween his knees. On rising quickly from bed to a sitting position, he has often lost 
consciousness for .a moment and has fallen to the floor and injured himself. Every 
time he has fallen he has regained consciousness on the instant that his head has 
become low. 

He gives no history of having had rheumatic fever, chorea, scarlet fever, 
diphtheria, malaria, typhoid fever, pneumonia or tuberculosis. He has been subject 
to frequent chest jiains, chronic cough, shortness of breath with exertion, and oc- 
casional mild asthmatic attacks since receiving the poison gas injuries in 1918. A few 
times he has raised slightly blood-streaked sputum, though ho has never had a 
frank hemoptysis. Ho thinks that ho perspires quite normally, and he has not ob- 
served that his general symptoms have been any more pronounced in the summer 
than in the winter. Ho has had no kidney or urinary trouble, to his knowledge. 
Ho has had no excessive thirst, and ordinarily he has had no nocturia. He ha- 
bitually sleeps with a low pillow or with no pillow at all, and he has not been 
troubled with night dyspnea except occasional attacks of bronchial asthma. At va- 
rious times ho has observed that his feet and ankles have become swollen when 
w.alking, standing or sitting more than usual. For years his hands and feet have 
nearly always been cold and damp, and frequently his low’er arm and leg become 
numb wiien he lies on one side. 

His appetite is always poor. He has seldom vomited, though he is very frequently 
nauseated after eating. In recent yc.ars he has had much midepigastric distress, 
especially after meals. He has found these troubles to be least annoying wiien 
his food has consisted chiefly of milk and when he lias continued much of the time 
in bed. Alkaline powders give .almost immediate temporary relief from the epi- 
gastric distres.s, as does, also, the taking of milk during attacks. He has never been 
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jaundiced. He takes cream and other fats -ndth no increase of the abdominal 
sjTnptoms. 

From 191S to 1928 he rvas subject to attacks of diarrhea at intervals of a few 
months, and the attacks would usually last several weeks. For the past three years 
he has had two or three watery stools nearly every day. In recent years he has 
also had a lower abdominal distress and soreness, which he localizes as in the mid- 
area of the lower abdomen. He states that this distress has been constant rather 
than colicky and that it has been increased rather than decreased by the evacua- 
tion of the bowels. He had a left inguinal lierniotomy in 1923 but has had no 
other abdominal operation. 

He has never used much liquor, and none at all in recent years. He denies ever 
having used drugs, and there is nothing in his records or in his personal appear- 
ance that is suggestive of drug addiction. He smokes tobacco very moderately. He 
denies ever luamng had a venereal infection. 

Family History . — The patient’s father died of Eocky Mountain fever at sixty- 
five years of age. The mother is living and quite well at sixty-five years. He has 
had one brother and three sisters, and they are all living and well. He was mar- 
ried in 1926. His wife is well and has had two pregnancies by the marriage, 
e.-ich pregnancy resulting in a normal child, now living and well. 

Physical Examination . — The patient is a very slender, poorly nourished and frail 
appearing white man, 73..1 inches tall and tveighing 141.75 pounds, who has the 
appearance of his stated age of thirty-two j'ears. He seems to be mentally alert, 
but he has a dratvn and careworn expression of countenance. All his movements 
are slow and guarded. He has a very pronounced upper dorsal stoop, and he ap- 
pears to be unable to stand erect, though he stands steadily with eyes closed; 
There are no notable tremors. The patellar reflexes are active. 

His face and ears are very pale as he sits or stands, but their color becomes quite 
good almost immediately when he lies domi. His hands and feet are moderately 
cyanotic when dependent, but they are of normal color when at the level of the 
body, and they retain their normal color after elevation for several minutes. His 
fingers are remarkably long and slender, and the finger nails are small, smooth and 
well shaped. His hands and feet are cold and damp. His skin is soft and quite 
free from lesions. There is an operative scar in the left inguinal area. No other 
gross sears of operation or injurj- are observed. Tliere are no varicosities, and no 
definite edema is demonstrated. 

His hair is thick, light brown, straight and rather coarse and oily. His face is 
symmetrical. He has no exoplithalmos. The pupils ore quite large. They are equal 
and regular, and they react to light, accommodation and convergence. The veins 
of the fundi are notably smaller when he is in the upright position than when he 
is in the horizontal position. The palpebral conjunctiva and the mucous membrane 
of the lips are very pale when he is upright. The thyroid gland is not palpable. 
The lateral cervical and the epitrochlear h-mph nodes are just palpable. Other 
superficial Ij-mph nodes are not remarkable. 

Summary of Further Observations . — ^No definite evidences of disease were found 
in the upper respiratory tract, and the physical and roentgen-ray findings of the 
lungs were essentially negative. The roentgen-ray films showed total lack of calci- 
fication in the costal cartilages and a peculiar rarefaction of bone in the upper 
margins of the anterior ends of the third, fourth and fifth ribs on either side. The 
heart was .shown to be rather small and centrally placed. A prominent, clearly out- 
lined. oval shadow was observed in the position of the pulmonary artery. The 
significance of this shadow was not evident. 

The visible and p.alpable cardiac impulses were slight, in the fifth interspace and 
eight centimeters from the midstern.al line. No preeordial thrills were palpable. 
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There ivas no abnormal precortlial tenderness. The heart sounds were of normal 
character. Usually the rliythm was found to be regular, though at various times a 
rather marked sinus arrhythmia of the respiratory type was observed. A few times 
pulse irregularities were observed, the character of which was not definitely de- 
termined. 

lilost e.xtraordinary clianges in tlie pulse rate were produced simply by changing 
from the horizontal to the sitting position, and from the sitting position to the 
standing ])osition. These changes in pulse rate were instant with the changes in 
position. The pulse rate regularly doubled with the change from lying down to 
standing, and this incre.ase was !ipproximatcly halved in the sitting position. This 
ratio of change in rate was fairly constant; when the pulse rate was 80 while Ij'ing 
in bed, it wjis found to be about 120 immediately when ho sat up and ICO when he 
stood up; when the rate was GO in bed, it was found to be .approximately 120 when 
he rose to his feet. AVith the eh.angc from the ujiright to the horiztonal position, 
the pulse r.ate w.as .almost instantly h.alved. 



Fin. 1. 


Even more remarkable than the vari.ations of the pulse r.ate were the changes 
in the blood pressure readings with the changes in posture. AA'ith the patient lying 
down, the blood pressure readings were sy.stolic 122 and diastolic 90 mm. AVith 
the patient sitting .and with the sphygmomanometer cuff at approximately the level 
of his hc.art, the systolic re.ading was 115 and the di.astolic 90 mm.; but when the 
.arm was lifted so that the cuff was at .approxim.ately the level of his brain, the 
systolic re.ading was SO and the diastolic G2 mm. AVith the patient standing and his 
arm at his side, the systolic reading w.as 90 and the diastolic SO mm.; but when 
the arm w.as raised so that the eufi' was at the level of his brain, the systolic pres- 
sure was CO mm. and no definite diastolic I’cading could be made. Blood pressure 
readings in these various positions were repeated from time to time during the 
p.atient’s stay in the hos])ital. The basic readings were variable, but, with the pa- 
tient standing .and with the cuff at the level of the brain, the systolic pressure was 
repeatedly read at GO mm. On one occasion the systolic pressure at the brain level 
was read at GO mm., and the patient w.as then required to stand, leaning against 
the w.all, for ten minutes. The systolic re.ading at the brain level w.as then 50 
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mm. The patient asserted that lie Avas not unusually faint, though his face aud 
ears appeared to be quite bloodless. 

The abdomen was long, flat and almost devoid of subcutaneous fat, but the 
musculature Avas fairly good, and there Avere no notable CA’idences of sagging of 
the abdominal A'iscera. No abnormalities could be palpated in the abdomen, though 
tAvo areas of tenderness AA-ere located, one in the midepigastrium, the other midAvay 
betAveen the umbilicus and the symphysis pubis. Tirm supporting pressure on the 
loAver abdomen, AA’hile the patient AA-as in the upright position, caused him to complain 
bitterly of increased abdommal discomfort. His pulse continued AA-eak and rapid 
Avhile this pressure Avas applied, and some irregularity of the rhythm Avas noted, but 
the mechanism of the irregularitj’ Avas not definitely determined. 

Because of the reports of very satisfactory results in postural hypotension Avith 
the oral administration of ephedrine, it Avas hoped that similar results might be 



Pig. 2. — Case of postural hypotension. 

obtained in this case. On December 19 the folloAA'ing notation Avas made on the 
patient’s Avard record: “At 12:45 p.m. the patient Avas given a % grain capsule of 
ephedrine sulphate, as a therapeutic test, in an attempt to raise his blood pres- 
sure. He complained of a chilly feeling shortly after taking the ephedrine. At 
2:30 P.M. he reported that he had experienced a rather severe chill during the pre- 
A-ious half hour, that his head had felt queer and that he had had sensations as of 
irregular heart action. HoAvever, he stated that those annoying sjnnptoms Avere 
nearly passed. He Avas then lying quietly in bed and his pulse AA’as quite regular 
and of good quality, at the rate of GO per minute. He AA-as asked to stand up by 
the bed. Immediately on standing, his pulse became A-ery Aveak, its rate rose to 120 
and his face became very pale. After standing for about a minute, he suddenly 
slumped to the floor. He no doubt Avould liaA'C injured himself had he been alone. 
Instantly, as his head bec.ame Ioav, ho recovered consciousness. After a fcAV minutes 
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lie ivas assisted to the sitting posture on the edge of the bed. Again his pulse bo- 
canie rapid and weak, and in a few moments he fell over in anotlier faint. He re- 
covered consciousness again immediately as his head went low, and almost instantly 
his pulse was slow and of good volume. These are the first times the patient has 
fainted since admission to the hospital. Further ephedrine medication is not deemed 
advisable. ’ ’ 

LnhoraioriJ Data. — Blood: hemoglobin, 90 per cent; total red blood cells, 
4,800,000 per c.min.; total white cells, 7400; polymorphonuclears, C3 per cent; small 
mononuclears, 31 per cent ; large mononuclears, 3 per cent; transitionals, 1 per cent; 
eosinophils, 1 per cent; basophils, 1 per cent. Red cells of normal appearance. 
Blood Wasserinann reaction negative. Blood sugar: fasting, 12.5 mg.; one and a 
half hours after tolerance meal of 100 grams of glucose, 130 mg. Icterus index, 7. 
Van den Bergh tests: direct, negative; indirect, normal. Four basal metabolism 
estimates averaged -S. 

Gastric analysis of test meal: Total acidity, 40; IICl 34; bile, +2; occult blood, 
+1; gastric mucus, 41. Eleven sjmtum reports were negative. Urinalysis reports 
were negative. Of 10 feces, 0 contained occult blood. No parasites or ova were 
found. 

Tho report of the roentgen-ray cx.amimition of the gastrointestinal tract reads in 
part: “The stomach outlines readily and shows no defects. The duodenal bulb 
fills well. It shows a slight irregularity on its greater curvature near its apex. This 
is not constant and is of doubtful significance.” The stomach was of the fish- 
hook type. The transverse colon was near the level of the iliac crests. The films 
at six hours, twenty-four hours and forty-eight hours revealed no definite 
abnormalities. 

COMMENT 

Tlie three eleclroeardiograiiis liere pre.sentecl tvere taken witliin a few 
minutes. Tlie fir.st was t.ilcon with the palient Ij'ing in bed. For the 
.second, he was asked to sit upon the side of tiie bed, the electrodes being 
.still attached to his wrists tind ankle. After about a half minute, the 
time required for the beam of light to become adjusted, the second record 
was taken. Then the iiationt was required to stand by the bedside while 
the third record ivas taken. The order of procedure was then reversed, 
and electrocardiograms were taken immediately on sitting down and on 
lying down. Only one of the tivo series is here presented, as they ivere 
found to be identical. 
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McLIillan, Thomas M., and Bellet, Samuel: Auricular Plutter: Some of Its Clin- 
ical Manifestations and Its Treatment Based on a Study of 65 Cases. Am. .T. M. 

Sc. 184: 33, 1932. 

A series of 6-3 eases of auricular flutter is reported, 12 of which were classed as 
jiaroxvsmal and 43 as established flutter. Seven were due to drugs and 3 received no 
treatment and were therefore unclassified. The effects of digitalis upon the auricular 
rate are discussed. It is believed that the results of treatment of the disturbance 
u'cre quite successful. Of the entire 65 cases a return to normal rhythm was secured 
in 66.1 per cent. Considering only the eases of established flutter, normal rhythm 
was successfully restored in 74.4 per cent of the eases. 

The method of choice in this series of cases was the use of digitalis until fibrilla- 
tion was established. Digitalis was then discontinued and unless a normal rhythm 
had spontaneously returned within a week, the administration of quinidin was begun. 
The latter drug was used alone after digitalis had either failed to bring on fibrilla- 
tion or had brought on certain toxic manifestations which rendered a further use of 
digitalis inadvisable. 

Landis, Eugene M., Jonas, L., Angevlne, M., and Erb, W.: The Passage of Fluid 

and Protein Tbrongh the Soman Capillary Wall Daring Venous Congestion. 

J. Clin. Invest. 11: 717, 1932. 

It was the purpose of these studies to measure the effect of graded venous con- 
gestion on the movement of fluid from the blood to the tissue spaces. Blood samples 
removed from the arm veins were compared in order to measure the filtration of 
fluid resulting from the increased venous pressure. The loss of protein through the 
capillary wall was estimated at venous pressures of SO, 60 and 40 mm. Hg. Compari- 
son of hemoglobin readings and red cell counts showed that during venous congestion 
the fluid is lost chiefly from the plasma. The loss of fluid could be detected at venous 
pressures as low as 20 mm. Hg and amounted to between 0.0 and 2.3 c.c. per 100 c.c. 
of blood. The amount of fluid lost from the blood was conspicuouslv greater at 
higher venous pressures; venous congestion of SO mm. Hg filtered as much as 19.5 c.c. 
per 100 c.c. of blood. 

At a venous pressure of SO mm. Hg protein was lost from the blood plasma in an 
amount indicating that the capillary filtrate contained an average of 1.5 per cent of 
prorein. At a venous pressure of 60 mm. Hg very little protein loss could be de- 
tected and the capillary filtrate contained an average of 0.3 per cent protein. 

Two cases of t^dema are described in which fluid was collected during venous con- 
gestion. The protein content of the edema fluid was 0.39 and 0.09 per cent, indicat- 
ing that the capillary wall retained approximately 95 per cent of the plasma protein. 

Dameshek. William, and Loman, Julius: Direct Intra-Arterial Blood Pressure 

Beadings in Man. Am. J. PhysioL 101: 140, 1932. 

Hie mtra-artenal pressure in about 50 individuals was determined bv a direct 
method which was compared with the usual indirect ones. This direct method con- 
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sisli'd of iiitrodtifiii}: ji L’O-jviuiKo noodle into tlio nrlory, nsunlly tlie brncliial, and 
oonnoelinp it tlironpli a o-way stopoook ndtli a syriTigo and an aneroid sphyg- 
nioinanometer. The method used was Hultjeefed to a large series of experiments 
to determine its reliability. It was finally determined that the greater the pulse 
pressure the less aeeurate was the teehnie. used, that a mean rather than a systolic 
pressure was determined. 

The pressure within the eommon carotid, feinor.al and brachial arteries was com- 
pared in eight e.ases. 'I’he brmdiial artery |>ressnre was slightly higlier than tliat 
of either the carotid or femoral .arteries. The apparent discrepancy between indirect 
and direct blood pressure readings in arteriosclerosis was concluded to be due to 
the high ]inlse pressiire which is ]>resent in that condition, 'fhe indirect method of 
sphygmom.anometry apjiears to be .accurate even in the presence of marked 
arteriosclerosis. 

Ecid. Wllllani D., and Lcvcnc, George: Roentgenologic Consideration of Mitral 

Heart Dl.soa.so. Xe\v l.'ng. .1. Med. 20G.* .lOgil. IP."!:;. 

tVhile e.arly mitral disease is (sften diflicult of recognition elinic.ally, it frequently 
may be idimtifieil by careful roentgen ex.amination. The authors h.ave recently de- 
scrilnsl a method of recording the v;irions nu'.asina'menls of the heart and have stated 
that the r.atio that I'Xists ludween tin' size of the .•inrieles .ami ventricle.s may be of 
importance in di;ignosis. In mitral stenosis .an altered relat ionshij) of auricular and 
vc'ntricnl.'ir areas is a typical .and di;ignostic roentgenograiihie sign. They believe 
th.'it the high index of this ratio is the most important single factor in the early 
roentgenographie identitic.ation of this comlition. Mitral insnflieiency can be 
demonstr.ated by roentgen examin;ition and the org.anic .•ind functional forms dif- 
ferentijitetl. 

Koeiilgen ex.'imin.'it ion .affords .•ieeiir;it<* ijiformation eoncei-ning fhe course of 
initr.'il dise;is»‘ under treatment. 

Llclitiiiaii, S. S.. and Gross, Louis: Streptococci in the Blood in Rheumatic Fever, 

Rheumatoid Arthritis and Other Di.sca.scs. ,\reh. Int. Med. 49; 1078. I'klJ. 

A stmly of .',2.'!.'! ctinsecntive blood cultures in ;i general hospital show.s that with 
adequately sc-nsitive methods :in incidence of nonhemolytic stre[itococeemia between 
•t and 1 . 1.0 per cent with :in aveiaige of (> per cent occurs in :it least nine diseases. 
Tlnit is, .acute rheuiimtic fever with j)oly:irthritis. chronic rheumatic eardiovalvular 
disease, rhenm.atoid .‘irthritis, ajilastic .•inemi;i, pernicious anemia, leucemia, colitis, 
nK-ningococens meningitis .•ind pyelitis .•mil pyehmejihritis. On the basis of the 
incidence of the "transient” strejifococeemi.'i ;ilone, these org:niisms c:innot justiti- 
.•ibly be considered as the c.-ms.'itive agents of tliese dise.'ises. 

Styron, Nonna C., and Spicer, Sophie: Dissociation of Streptococcus Cardio- 

Arthritidis. .T. Infect. Dis. 50: 190. VXV2. 

The work on mii'robic dissoei.'ition reported in this paper h;is been done with the 
H 1 and H il strains of 8. eardio-.'irthritidis isolated by Small from blood cultures 
of jcitients with rheumatic fever. Fifty cubic centimeter volumes of phosphate broth 
with or without dextrose, enriched with 2, o and .10 per cent concentrations of peq)- 
tone sujqmrt dissociation. 'I'lie ju’reentage of pejitono most favorable to the process 
is .1. .Strain R 9 wjis much more unstable tluin str.'iin K 1. As ,•! result of dissocia- 
tion, two culture tyjies Imve been obtained for each strain. As far as tested, no quali- 
tative difl'crence in carbohydr.'ite ferinentiition, in action on milk and in production 
of indid hiis been demonstr.'ited. No tendency to form methemoglobiu was evidenced 
ill any of the tyjies. 

Intr.'iderinal skin tests in laibbifs to test the allergic c:ijiacity of the two types 
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resulted in lesions having distinct characters. The antigenic relationship of the 
two strains have also heen investigated. It was found that cultivation in fluid 
mediums readily caused one of the strains, B 9 to show a reversion of the atypical 
forms to the more typical ones. A partial change from typical to atypical in the 
same strain was sometimes accomplished but it was very infrequent. 

Dikar, Lewis: Acute Bacterial Endocarditis Due to Bacterium Acidi-Lactici. 

Arch. Int. Med. 49: 788, 1932. 

Two cases of Bacterium acidi-lactici endocarditis closely resembling cases of 
Bacterium coli are reported because of- thek rarity. *It is believed that more com- 
plete bacteriologie studies of cases of bacterium coli sepsis -will undoubtedly bring 
to light more examples of Bacterium acidi-lactici infections. The coincidence of 
aortic valve involvement in two eases of Bacterium acidi-lactici endocarditis and in 
two cases of Bacterium coli endocarditis is pointed out. 

Don, C. S. D., Grant, B. T., and Camp, P. D.: A Case of Complete Heart Block 

With Varying Ventricular Complexes. Heart 16: 145, 1932. 

A ease of complete heart block is described in which the ventricular complexes vary 
in form. Pathological examination showed that the bifurcation of the A-V bundle 
was destroyed by disease; the main bundle was separated from its branches and 
the right branch from the left. It is pointed out that these findings are similar to 
the results of experiments on dogs carried out b 3 ’ Wilson and Herrman in which 
both bundle branches were cut. Electrocardiogi'ams from this patient are like those 
of the dogs and show changes in the ventricular complexes which can be interpreted 
as due to a shifting of the pacemaker from one ventricle to the other with transitional 
forms showing that two pacemakers were competing for the ventricular rhythm. 
The intravenous injection of alropin temporarily abolished the variation in the ven- 
tricular complexes which assumed an intermediate form. 

Grant, R. T., and Camp, P. D.: A Case of Complete Heart Block Due to an Arterial 

Angioma. Heart 16: 137, 1932. 

A case is described of complete heart block developing in an adult and due to 
destruction of the terminal portion and bifurcation of the A-V bundle by an arterial 
angioma. At autopsj' the examination of the heart revealed an angioma similar to 
those which maj' be found elsewhere in the bodj'. A clinical historj- in the present 
case indicated the growth of the tumor during the last few j’ears of life so as to 
involve the conducting system of the heart. 

Gil, TJrbano Gonzalez: The T Wave of the Electrocardiogram. Its Pathological 

Interpretation and Prognostic Value. Arch, de Cardio. Y. Hemato. 13: 187, 

1932. 

The author has attempted to decide in the present work the importance of the 
different causes which give place to an inversion of the T-wave in order to judge the 
prognostic value of this electrocardiographic alteration. At the same time, it is 
interesting to know the precise difference between the pure inversions of this wave 
and those which are accompanied by other modifications in the electrical tracing 
where the prognostic signification is very distinct. Finally, the author takes into 
consideration' the unstable character of this inversion which it is necessary to recog- 
nize if one does not wish to make an erroneous prognosis. 

Prodger, S. H., and Dennig, H.: A Study of the Circulation in Obesity. J. Clin. 

Invest. 11: 789, 1932. 

l arious phases of the circulation were studied in a group of obese patients who 
liad jio demonstrable pathological changes in the circulatorj' sj’stem, chieflj' in their 
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response to mild exercise in the form of -walking on a tread mill. The results were 
compared wth the results in a gi-oup of normal people. The responses of the cardiac 
output and ai-terioveuous oxygen differences to exercise were similar in the two 
groups. The chief differences between the two groups were found in the vital 
capacities and in the pulse rates, respiratory rates, blood lactic acid changes, oxygen 
eousuuiption and oxygen debts in exercise. 

On the basis of the findings presented, it is believed that the symptoms which are 
so commonly associated uith cardiac insufficiency and which are frequently observed 
in cases of simple obesity are not duo to an inefficient circulatory response but rather 
to mechanical and chemical disturbances associated inth obesity. 

Andrus, E. Cowles, and McEacliem, Donald: The Cardiac Manifestations of Hyper- 
thyroidism. Am. J. ]Mcd. Sc. 183: 741, 1932. 

In this brief resume, the authors point out the irresent conception of the effects of 
hyperthyroidism upon the heart. They believe that this effect is from its o-ivn ac- 
celerated metabolism and from the load thromi upon it by the metabolism of the 
body as a whole. 

Erom the experimental work done on animals, it is believed that the auricles 
from thyrotoxic animals were more dependent than were the normal controls upon 
their contemporary oxygen supply which in turn suggested that their rate of oxygen 
consumption might be increased beyond the normal. It also seemed possible that 
these preparations were either elaborating lactic acid at the faster rate or were 
less able to oxidize it or get rid of it by diffusion than the normal auricles. Direct 
chemical estimations of the lactic acid in cardiac muscle was found to be almost 
double in the thyrotoxic group ns eonip»ared with normal rabbits. The glucose and 
total base was found to have undergone no significant change. 

Eichards, Dickinson W., Eiley, Constance B., and Hiscock, Mabelle: Cardiac Out- 
ptit Folio-wing Artificial Fneumothorax in Man. Arch. Int. Med. 49: 994, 1932, 

Studies of the cardiac output and other functions of the circulation have been 
made before and after artificial pneumothorax in three cases of pulmonary tubercu- 
losis. The cardiac output was decreased following pneumothorax in all eases. Among 
the other changes that occurred -^vere: decreased vital capacity and residual air and 
lo-\vered alveolar and blood carbon dioxide levels. The interrelations of some of 
these changes are discussed. 

Bennet, Dudley W., and Kerr, William J.: A Note on Auricular Sounds in a Case 
of Auricular Flutter. Heart 16: 109, 1932. 

In a patient j)roseuting a disturbed cardiac rhythm resulting from auricular 
flutter Avith irregular block, Ioav pitched sound in addition to the usual first and 
second heart sounds Avas heard through a binaural stethoscope. The rhj'thm of the 
extra sound aa'os regular and rapid, probably about 300 per minute; it Avas audible 
at Amrious points over the precordium and most clearly at the third left intersxDace 
close to the sternum. The A^entricular rhythm aa'us irregular, its average rate being 
120 per minute; the first sound Avas muffled and indistinct AA'hile the second Avas loud 
and rough. Digital pressure OA'er the left carotid sheath temporarily brought the 
ventricles to a stand still, the first and second sounds disappearing. During cessation 
of ventricular contraction the rapid faint ticking sound aa'us still heard, produced ap- 
parentlj^ by contraction of the auricles. 

This interpretation of the adA^entitious sound aa’os confirmed by recording the 
electrocardiogram through one of the strings of a double stringed Einthoven gal- 
vanometer. The heart sounds Avere recorded through a sensitiA'e microphone placed 
on the precordium and electrically connected to a Western Electric stethoscope. The 
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outgoing wires of the stethoscope were connected to the second string of the 
Einthoven galvanometer. Records obtained from this procedure are published. Prom 
the examination of these records made while ventricular flutter was present and 
while ventricular action was stopped by vagal pressure, it seems that the sound heard 
was associated with auricular contraction. 

Beid, 'William D.: The Causation and Propagation of the Heart Beat. New Eng. 

J. Med. 206: 1254, 1932. 

Data selected from the literature of biochemistry and physiologj' which form a 
reasonable explanation of the origin of the heart beat are briefly presented. The 
author proceeds to discuss these data, and emphasizes the lowering of the electrical 
potential of the heart cells due mainly to the action of potassium irons brought by 
the blood to the heart. 

He discusses the various hypotheses which have been offered to explain the origin 
of the heart beat hi the sinus node rather than in other areas of the heart. This 
paper presents an interesting short review of these facts as they are known today. 

Lewis, Sir Thomas: Raynaud’s Disease. New Eng. J. Med. 206: 1192, 1932. 

The author presented a brief summary of his theory as to the mechanism of 
Raynaud’s disease at the meeting of the New England Heart Association. He 
gave a general idea of experimental work done to support his idews. He believes 
that the well known phenomena associated with this condition are not due to any 
dysfunction of the vasomotor system but to a “local fault,’’ probably in the ar-. 
teries of the digits involved. The present article is made out of essential abstracts 
from an original article published in Heart, volume 15, page 7, 1929. 

"White, James C.: Raynaud’s Disease. New Eng. J. Med. 206: 1194, 1932. 

Six cases of typical Raynaud’s disease are reported with observations on the 
immediate and late effects of sympathetic neurectomy. 

Resection of the two upper dorsal ganglia or of the second to fourth lumbar 
ganglia brought about an immediate paralysis of sympathetic tonus in each case. 
Whereas, vasomotor paralysis following lumbar sympathectomy lias been permanent, 
the dorsal operation has been followed by a recurrence of sympathetic nerve function 
in two out of the five cases reported here and of five more not included in this 
group. Sympathetic nerve activity has reappeared at the end of six months ac- 
companied by the color changes, pain, coldness and ulceration in the tips of the 
fingers characteristic of Ra^maud’s disease. When the regenerated vasoconstrictor 
fibres were agaui adequately blocked by novocaine or by reoperation, there was a 
second disappearance of the manifestations of the disease. Therefore, resection 
of the first and second dorsal sympathetic ganglia alone is insufficient to cause a 
permanent vasomotor paralysis of the arm. In the recent eases where the operation 
has been extended upward to include the inferior cer\-ical ganglion, it is hoped that 
the results will be as permanent as those in the lower extremity. 

Advanced stages of the disease with long standing ulceration and sclerodermatous 
changes may fail to recover completely after vasomotor paralysis. These instances 
;iro satisfactorily explained by Lewis’ theory of local pathology in the digital 
vessels. 

From the theoretical standpoint, early uncomplicated eases of the disease may 
be explained either on the basis of Rajuiaud’s original conception of a vasomotor 
neurosis or by Lewis’ theory that norm.al vasoconstrictor impulses cause the at- 
tacks of p:irtial aspln'xia by acting on abnormal digital arterioles. Certain objec- 
tions have been pointed out against each hypothesis. It is, therefore, essential to 
reserve final judgment until the evidence of one or the other becomes unequivocal. 
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Levine, Harold D.: Effect of Qninidine Sulphate in Inhibiting Ventricular Fibril- 
lation. Arch. Till. Iff 0(1. 49: SOS, 19.T2. 

In a scrio.s of lliiriy-aix cxporiiucnls iiorforinod on cats, it w.ns found that quini- 
dino sulphate dofinilt'ly inhibited the f.aeility vith -which ventricular fibrillation 
could be produced by cardiac stiimilation. It w.-is also found that this effect could 
not bo attrilniled to manipulation of the heart and the resulting fatigue of the 
inusclo or to the time consumed in the experiments. It is suggested that these re- 
sults offer a rational b.-ickground for projier qninidine therapy as a method of pre- 
venting sudden death in those conditions in whicli ventricular fibrillation is prone 
to occur. 

VVcismaii, S. A.: Auricular Fibrillation. Ambulatory Treatment With Qninidine. 

Arch. Tnt. Med. 49: 72S, 19:12. 

Twenty-four cases of auricular fibrillation who were treated satisfactorily with 
qninidine by the ambul.-itory method .-ire reported. Normal rhythm was restored 
in 17 of these cases. 

Of the successfully treated jiatients, 4 had rheumatic, valvular disease, 10 had 
hypertension, 1 had coronary sclerosis, 1, had diabetes and hypertension, 1 had 
syphilitic aortitis and 1 had .'in apiiarently normal heart. Eighteen of the 24 pa- 
tients were fifty ye.'irs of age or over; in 14 of this group, the heart was restored 
to regular rhythm; in of the reiii.'iining ti jiatients, regular rhythm was restored. 
Chronic iTbrillation from two months to ten or Ucelve ye.'irs had existed in all but 
one case. Simill doses of qninidine were givmi to start ^vith, following a brief period 
of the use of tincture of digitalis. 

Hyman, Harold T., and Fcniclicl, Nathan M.: The Management of the Decom- 
pensated Cardiac Invalid. Am. .T. Iff. Sc. 183: 7-IS, 19:12. 

The records of 100 decompensated cardiac invalids have been summ.'irized and 
the therapeutic regimen notml. The jiatients in most instances were victims of 
rheumatic fever who no longer jiresented any evidence of activity of heart infec- 
tion. In the arteriosclerotic grouji, the acute ejiisodcs, such as thrombosis and 
embolism w'ere jiart of the jmst history. The problem was sharply limited to the 
inanagcment of the advanced and decomjieiisated c.'irdiac invalid who had already 
pa.ssed through the active stages of the illness and who had f.'iilcd to respond to home 
or ambulatory treatment. 

Eight- Jiatients were restored to conijiensation by jihysiologic rest and dietotherapy. 
^lechanical removal of fluid from the serous cavities was jiraeticed in 14 of the 
grouj). Fifty-six jiatients -were sjiecifically benefited by digitalis and all but 4 in 
this group liad auricular fibrillation. 

Sixty-four patients, edematous despite jihysiologic rest, dietotherapy and digit.'ili- 
zation, were, relieved by the administration of salyrgan with or without the siinul 
taneous administration of ure.'i and the acid salts. Five jiatients resjionded by 
diuresis to urea. Jiloiie. 

The four cardinal stops in tho management of the decomjiensated cardiac in- 
valid are: (1) physiologic rest and dietotherapy; (2) mechanicia evacuation of 
fluid from the serous cavities; (:i) digitalization and (4) the use of diuretics. These 
four forms of management are discu.sscd. 

Hyman, Harold T., and Fenicliel, Nathan M.: The Management of the Decom- 
pensated Cardiac Invalid. II. Effects of Specific Medication. Am. .1. M. Sc. 

183: 7:1:1, 19.32. 

Hrug thcr.'ijiy is indicated in the cardi.ac invalid who remains decompensated 
despite jihysiologic rest, diefotberapy and the mechanical evacuation of fluid from 
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tlie serfms cavities. Digitalis is invaluable in those patients who present auricular 
fibrillation. Diuretics are equal in importance to digitalis in the management of the 
decompensated cardiac invalid. Their use is independent of the cardiac rhythm. 

Moore, Joseph Earle, Danglade, James H., and Beisinger, John 0.: Diagnosis of 
Syphilitic Aortitis Hncomplicated by Aortic Regurgitation or Aneurysm. Com- 
parison of Clinical and Necropsy Observations in One Hundred and Five Pa- 
tients. Arch. Int. Alcd. 49: 753, 1932. 

In tlie twenty year period from 1910 to 1930, there came to necropsy in the 
Johns Hopkins Hospital, lOo patients with uncomplicated syphilitic aortitis. Tlie 
clinical di.agnosis of syphilitic aortitis was correctly made during life in 4 of the 105 
patients; in 13 more it was suspected that something was wrong with the aorta. On 
the basis of the symptoms and physical signs recorded, the diagnosis might have 
been correctly made in 35 additional patients. In 12 instances, the diagnosis was 
obscured by some other form of cardiovascular disease. Thirty-four patients died 
witli hearts and aortas thought clinically to be normal. 

Syphilis was infrequently a major feature of tlie fatal illness; when it was, 
aortiti.s was more often diagnosed eorrectlj’ than when the final illness was unre- 
lated to s.vphilis. Hj'pertension w’as an infrequent accompaniment of syphilitic 
aortitis and in spite of the confusion it created in the individual case, its presence 
did not prevent correct diagnoses. The Wassermann reaction of the blood was 
positive in 75 per cent of these cases. 

The success or failure of the clinical diagnosis is compared ivith the extent of 
patliologic change present in the aorta. Symptoms and signs permitting a diagnosis 
were present in about half of those who showed only relatively sliglit gross pathologic 
changes. The criteria of diagnosis arc discussed and seven frequently found symp- 
toms or signs listed. The most important are roentgenologic evidence of aortic 
inhibition, increased rctromanubrial dullness, a history of circulatory embarrass- 
ment, a change in the tonal quality of aortic second sounds. The other signs less 
frequently observed are progressive cardiac failure, substernal pain and parcxysmal 
dyspnea. In patients with proved late syphilis the presence of any three of the 
seven criteria listed is considered justification for the diagnosis of uncomplicated 
syphilitic aortitis. 

Moore, Joseph Earle, Danglade, James H., and Reisinger, John C.: Treatment of 
Cardiovascular Syphilis. Results Obtained in Fifty-Three Patients With Aortic 
Aneurysm and in One Hundred and Twelve With Aortic Regurgitation. Arch. 
Int. Med. 49: 879, 1932. 

A general consideration of the subject of treatment of cardiovascular syphilis is 
presented, Tlie material permits some conclusions bearing on important questions of 
the incidence of cardiovascular syphilis. 

An earlier study of the outcome of treatment in early syphilis in the clinic re- 
vealed that cardiovascular syphilis developed among these treated patients in in- 
verse ratio to the amount of tre.atment given early in the infection. Not one of the 
117 patients with e:irly syphilis who received three or more courses of arsphenamine 
:ind tre.atmout with mercury during periods between the courses, presented any 
evidence of cardiovascular iin-olvement during the period of observation, while 24 
of the 2S5 i>atients who had received less than this amount of treatment were ob- 
served to acquire .syphilitic aortitis, aneurysm or aortic regurgitation. Adequate 
treatment for early syphilis almost certainly protects the majority of patients so 
treated against subsequent cardiova.seular sj'philis. 

One hundred tind forty-.seveii of the p.alicnts had never received any treatment 



AUS'I’KACTS 


S21 


for sYpliilis heforc the dcvolopment of c.nmiovnscuhir syj.l.niH; of the vonuunitev 
: rccivcl :,0o.„».o for oorlv oy,I,m». Only f of Lo I«o - 

„.civra arsplK-nnininc nl tlic li.n,. of oarlj n,r|.l.ili» nml none of ll.rso Si'l more 11 . .. 
three iivieetious. The evolution of the n.ctho,! of ti-eat.nent. now in use 1.y the 
authors lind suhieet, to minor moaifieations hy many other invest iftators is outlined. 
Special stress is laid on sudden death diirint: or iniinediatoly followiii}! the adminis- 
tration of arsiilienamiue, to patients with syphilitie heart disease, j.resuinalily due 
to ventricular liliriUalion; on sudden death from twouty-four to forty-cifrht liour.s 
following an injeetion due to tlierajieutie. shock and on the therapeiitie, p.-irado.v. 
The measures taken to avoid these reactions have resulted in the adoption of a 
method of treatment which is deserilied in detail. This method includes adequate 
general medical care and the eantious use of mercury, hismiith, tlie iodides, mm- 
nrsphenamiiic and bismarseii in small doses. All renctioii.s to treatment are iiietie- 
iilously avoided and tri'atmoiil is juadonged over a jieriod of years. 

Using this method of trcatnuMit and subdividing tlio material into four groups 
on the basis of the amount of treatment given, it is shown that in 2'J patients with 
.aortic aneurysm, who received little or no treatment, the mortality during the jieriod 
of observation was ilO per eciit and tliat the average diir.ation of life from the onset 
of symptoms to deatii or, in living patients, to the last observation was nineteen 
months. In .Id well treated jmtieats with aortic aneurysm the mortality was -Id 
per cent and the aveu-age duration of life seventy-live months. The mortality in •u 
])uticiits witli aortic regurgitation wlio received little or no treatment was 01 ]ier cent 
and the average duration of life thirty months. In 2.") well treated patients, the 
mortality was .!(! per cent and the average dur.'itioii of life sevmity.one iiionfhs. .So 
far iis ciin lie pidged from the average duration of syinidoms, the respective numbers 
of patients symptom free luTore and after treatment, and the iiielrleiieo of eon* 
gestivo heart, failure before am) aff<*r treatnieiil in the various treatment groups, tlie 
patients in the various groniis were a)q»roximately similar. 'J'hal is, it does not 
appear that tiio rciiorted deaths oeenrred only among patients des[>erately ill before 
treatment, and (lie reported success only among patients with less serious or less 
rapidly jirogressive lesion.s. 

The occurrence of congestive heart failure before or after Irealmenf is of 
serious prognostic import. Jn this connection the material is analyzed from sev- 
eral standpoints. Twenty-one of the surviving dt) ])atients of this stades are svmptom 
free and able to work; L’ti lia.w; some per.sistenf s.vniptoins lint can carry on at light 
work; 9 are incapacitated. Twenty-eight of the ‘-17 .still able to work were vveli 
treated for sypiiilis. 

S}Tnptomatic relief in eardiov.-iseular .syphilis is frecpiontly obtained and its prob- 
ability is in direct proportion to liio amount of treatment given. The oeeasional 
alteration of ])hysical signs during or after treatment is discussed. In .-ni analysis 
from the standpoint of ability to work before and after treatmonty well treated 
patients siiow up niucli more favorably than those nntrmitcd or badly treated. 

Tifty-seveii of the 3Gu patients died of progressive eardinc failure; 2S died siul- 

ni}; 11 are dead but the cause of death is unknown; Kl died of some other Ilian 
cardiovascular syphilis. 

The m^«ncal drugs given to these patients are falmlatcd ami the reactions to 

1 m analyzed. From these data tlie authors coucludo that Hie arsenical drugs of 

«il'-or arsphenamiiie. Old arsjiheaamino 
JZ i ”, patients with aneurysm or aortic regurgitation. The 

A fiviu Patients with eomplienting neurosvpbilis. 

tpw .,r ■” " "f '"0 ’'"'"'I i.* «... .'..K. i., 

tlie lesponse ol this reaction to treatment, may l.e co'mpletely disregarded. 
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Nuzum, rranklin R., and Elliot, Alljert H.: Pancreatic Extract in the Treatment 

of Angina Pectoris and Intermittent Claudication. Arch Int. Med. 49: 1007, 

1932. 

An insulin free extract of the pancreas, a vasodilator that modifies the pressor 
eiTects of eiDinephrine and dilates the eoronaiy arteries of the rabbit’s heart to a 
degree exceeding that produced by drugs of the purine group ■was administered 
intramuscularly to 20 patients -ndth angina pectoris. Two were not helped, 5 were 
somewhat relieved, 11 were greatly helped and 2 who were benefited by treatment 
died later. Forty-one patients ■nfith angina pectoris who received the usual treatment 
:ind were followed for a like period of time were studied as a control series. In 10 
instances no benefit was observed, 14 experienced moderate relief, 14 received pro- 
nounced benefit and 3 died. Five patients ■with intermittent claudication, one with 
thromboangiitis obliterans and one •with cerebral vascular spasms and angina 
pectoris were benefited to a pronounced degree by treatment with the extract. 

Goldring, William, and Chasis, Herbert: Thiocyanate Therapy in Hypertension: 

II. Its Etfcct on Blood Pressure. Arch. Int. Med. 49: 934, 1932. 

Dat.a are presented on 50 patients subjected to 74 trials "with thiocyanate therapy. 
In 46 of these patients the hypertension was of essential type and in the remain- 
iug 4 patients it was associated ■with chronic diffuse glomerulonephritis. Forty-four 
trials were made in the outpatient clinic and thirty with the patients confined to 
the hospital. 

Observations were made on the daily excretion rate of thiocyanate in the urine 
.:ind the number of days necessary for its complete elimination after continuous medi- 
cation and after a single dose in patients until essential hypertension and nephritic 
hypertension and in normal persons. Toxic effects of thiocyanate were not observed 
in 4 patients ivith chronic diffuse glomerulonephritis, 3 of whom responded bj* a 
satisfactory fall in blood pressure. Therapeutic, toxic or fatal effects could not 
be anticipated from the amount of the drug administered. The dosage found to 
be most effective in lowering blood jiressure and least often attended by toxic mani- 
festations was 0.326 grams given daily over a period of from fourteen to seventy- 
eight d:iys. Thiocyanate was 31 per cent effective in lowering blood pressure in 
this series. Toxic manifestations occurred in 13 patients or 17 per cent of the total 
group studied. 

Miller, H. R., and Feldman, A.: Prolonged Tlse of Massive Doses of TJrea in 

Cardiac Dropsy. Arch. Int. Jled. 49: 964, 1932. 

Urea administered in the way described has been found to be an effective diuretic 
over long periods of time in selected cases. Whereas, it can function alone over many 
months in keeping the patient edema free, it may require the supplemental use of 
other diuretics. This is true for the patient with or ufithout auricular fibrillation. 
Cases are reported in which its unbroken administration contmued over three 
years. Once the signs of congestive heart failure have been removed urea is valu- 
able in preventing their recurrence. The drug tends to maintain the patients’ weight 
at ;i low and constant edema free level over months and even years. During such 
periods the patients often required little or no restrictions of the intake of fluid 
or salt within ordinary dietary limits. 
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